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is now ten years sin<‘c tlie publication of tin; last translated 
Edition of this Work, and the changes in quantitative analysis 
during this period have necessitated an entire revision of every 
part of the book. 

The present Voliiino, though only the first instaliiKuit of the 
^ork, is complete in itself, and to render it more useful, I have 
kddod an Index, which has been carefully prepared, and is be- 
lieved'to be as full as it can practically be made. 

A translation of the Second Volume will follow as soon as 
;the German original is ready. A summary of its contents will 
be found on p. 6 . 

Th*e old notation is retained in our translation by the 
;express wish of the Author, who states that he shares with 
|tl 10* highest authorities in Germany, “a must tirm conviction that 
^or Inorganic Chemistry it is the simi»Icst and the best.” 


A. V. 


London, March^ 1876. 
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PREFACE 


This work on Quantitative Analysis, which was originally written for the 
u.?t* of senior students, has in course of time been considerably ampliiied. 

The revision of successive editions has led to the addition of much new 
iiuAter, so that the scope of the work has been much enlarged. 

'L’he book still retains its original general arrangement and character, 
sin’ct' the scheme of work is progressive; the descriptions of methods and 
Iiroccsscs are given in much detail, and the text is very fully illustrated 
by original wood-cuts. 

The extension of the text, however, has been found to render the book 
useful, not only to the advanced student, but also to the consulting and 
/tmilytifal chemist, and to constitiib* it in large measure a work of reference. 

The methods described in the te.xt have bcim carefully tested in o ir own 
and other laboratories by advanced students and others, and have bt-^n 
proved to be practicable and trustworthy. 

T’he results of many analyses thus ol>tained in our lab»uatories are set 
out for refeienec and guidams' in paragraphs tth) H74. 

In selecting and describing tie* prucessrs of c^tilllafion staialaid treatises, 
monograpliH and original memoirs have Inxai fiit ly used, and the analyst 
Is referred, when lu'ct^ssary, to tliesc sources of iufoi malion. A list of the 
more inipoiiant works »)f reference will be fonml in paiagraph 1021. 

The subject-matl<*r has Ishmi arrang*al in eight piunipal Parts, which 
are sul)<livid<'d into eighUnm Se<Mions. 

PiJ^rt I. deals with the various Preliminury and Genrral Opt'rations which 
are employed in analysis, such as the (Js<' of the Hshinee, the Determination 
of certain Physical Constants, the Preparation of Substances for Analysis, 
the Ordinary Processes ernpKwed in Analysis, and the Preparation of Pure 
Substances ; (Jcm'ral Rules to lx* observtxl in Working and in the Entry 
of Work are also apjK»nded. 
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Tart II. is devoted to Graviiaetric Analysis. Doscii])tions aie given of 
the most important Simple Graviinetrio Estimations, togetlier with others of 
less importance which are distinguished by being printed in smaller type. 
Those determinations which resemble one another have been classed together, 
an arrangement which has been adopted in order that unnecessary repetition 
in description maybe avoided, and the greatest convenience in reference may 
be secured. The analytical methods have generally been placed in the order 
of their increasing dilTicuIty. 

Part III. treats of Volumetric Analysis. It commences with an account 
of the Measuring Vessels used for liquids and their Calibration, and of the 
[ireparation of Standard Solutions. Various processes for the Volumetric 
Estimation of simjvlo substances are then described, and these are grouped 
in such a way as to associate those estimations which are made by means 
of the same solution or which depend upon similar chemical reactions. 

Part IV. contains descriptions of more Complex Quantitative Estimations. • 
Some of these are Gravimetric, others Volumetric, and others again are , 
mixed in their character. Those processes are selected as being typical. 
They represent in the main those which a student should carryout in order 
to get a useful knowledge of quantitative methods for scientific and technical 
purposes, and include the Analysis of Ores, of various Industrial Products, 
and of Water and hood, and the Examination ot Oils, Fats and \V;ixn. 

Part V. describes the processes of the ultimate analysis of Organic Sub- 
stance.s, and explains methods for the determination of Molecular Weigh tn. 

I'art VI, treats of Gas Analysis. It has been restrioted in its scope to the 
more .simple methods, many of which are now commonly applied to technical 
[jurposes. The omission of the more elaborate methods has been decided 
upon, partly because au abstract of such processes is almost useless and a 
full de.scription would have added to the dimensions of the l>ook somewhat 
sericrtisly, and partly because admirable accounts of these methods are at 
the disf)o.sal of the student in several of the standard works referred to in 
paragraph 1021 

Fart VI 1. contains certain Typical Results of Analyses. It also contains 
a series of Table.s of Constants required for calculating percentage results from 
the numbers obtained by analysis, Tables of the Specific Gravity and corres- 
Iionding percentage composition of diluted alcohol and of solutions of the 
common acids and alkalis, and tabulated charactoristios of oils, fata and 
waxes. It concludes with Tables of Weights and Measures and of four -figure 
liOgarithras, and some useful Memoranda. 

The Atomic Weights which are given in paragraph 980 are those which 
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vii 

are recommended for the year 1917 by the International Committee on Atomic 
W'eigHts. 

Part VIIT. furnishes descriptions of the Preparation of Gases, of the use of 
( oiiiprcsscd Gases, and of the Distillation of Water. It concludes with Lists 
jitid ])articular8 of the Special Apparatus and Chemicals which are required 
lor the processes referred to in the book, and with a list of useful Books of 
Kcforeiieo. 

'I’he Appendix contains descriptions of a new form of oven for drying at 
constant temperature ; of the analysis of commercial aluminium and bauxite ; 
of additional methods for the estimation of titanium in iron-ores, and of 
iihosphorus, manganese, chromium, molybdenum, tungsten and vanadium 
in iron and steel, and of moisture in coal ; and of a method by Blichfeldt for 
tlie det('clion and estimation of fondgn fats in butter. 

An Index to the Processes of Separation contained in the text precedes 
tlie General Index. 

ft will be noted that the dimensions and ('apiu'it ies of vessels and 
apparatus are Htated on the metric or decimal system, wliich is now 
invariably adopted for scientific purposes ; but the tables of metric and 
English etpiivalents, and the means of conversion given on pages 72, 52o 
•uni o20, will furnish the English equivalents if iv'cessary. 

It will also be noted that the terras hydroxide and Aydmte are used 
iiulilTcrenUy for the compounds of metals with hydroxyl. 

I’ho text has again undergone a careful revision in the preparation of the 
clcvi'iith edition, and this has led to the elimination of errors, and the intro- 
duction of now matter in the Appendix. 

F. a, 

J. B. C. 

London, Janvary, 1918. 
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PART L 

GEIfERAL PROCESSES, 


SECTION L 

THE OHEMICAJi BALANCE. WEIGHTS 
AND WEIGHING. 

The thick numben inclosed in brackets in the text refer to paragraphs. 


In the execution of quantitative analysis, the operation of accurate 
vveighing requires to be constantly carried out. Hence it is essential that 
the b( udont should becojne familiar with the use of the chemical balance, which 
is employed for this purpose. A convenient form of chemical balance, and 
the method of using it, are described below. 

The Balance. 

I. The Chemical Balance represented in Kg. 1 consists essentially 
of a rigid beam which is supported near to and slightly above its centre of 
gravity. Upon either end of the beam, and equidistant from its centre, the 
Boale-pans are suspended. 

In order to diminish the friction of the working parts at the points of 
8U{)port and of suspension, there are let into the beam three agate knife-edges 
wliich work upon agate planes. The beam and the pans are supported by 
these edges upon the planes. 

When the balance is . not in use, the beam is lifted from the knife-edges 
and is supported by a T -shaped rest ; the pans are also supported. Both 
th{j beam and the pans are released either by means of a disc with milled 
edge in the front of the balance-casc, or by a handle at the side. 

Attached to the bottom of the balance-ease are three or more set-screws, 
which enable the balance to bo adjusted to n perfectly horizontal position. 
This adjustment is ascertained by observing a spirit-level on the floor of the 
balance-case, or by a small plumb-line near the pillar. 

The beam of the balance is commonly graduated in ten equal divisions* 
and a 10-milligram rider (6) is used for weighing fractions of milligrams. 

1 1 



2 DESCRIPTION OF THE OHEMICAE DAI^CE. [1, 2, 

The b^n is, liowever, often divide.! dillcivnlly .ind riders of different 
weights arc used. The shorter the team is tho more rapid will bo its 
swings. 

Fine screws carrying small brass nuts project from the ends of the beam ; 


Fiu. 1. 



Thi CffBMicAn Balancb. 


the horizontality of the unsupported beam can be secured, when necessary, by 
the rotation of these nuts (7). 


2. The Balance is inclosed in a Glass Case provided with balanced 
^ding glass sashes at the front and tho back, and with hinged side doom, 
^s case shields the balance from dust, and hindera the access of acid 
fumes and of moisture. It .alw, prevents uir-currents from disturbing the 
scaCpans during weighing. The balance .should be kept in a room which is 
M free as poss.ble from acid fumes and from damp and is not subject to greaf 
anges o temperature. As a further precaution, a jar partly filled with 
small pmeea of calcium ehlorhle, or with pumice wetted with strong sniphurio 



S, 4.] DESCRIPTION OF THE WRIGHTS. 


acid, should stand inside the balance-case. These absorbents of ’moisture 
must be renewed from time to time. 

3. The Support on which the Balance rests must be free from vibra- 
tion. It may consist of a slate or stone slab, resting on pillars which are let 
into the foundation of the building and are out of contact with the floor. 

Fio. 2. 



Rox OF W’eiohts. 


The slab may bo more simply isolated from tho vibrations of the floor by 
bem(! supported by braokete firmly attached to the wall. 


The WBraiiTS. 

( .!?■ J''* »Wch are almost exclusivoly used by chemists, are those 

of tho French or Metric System, in which the gram is taken as the unit. Tho 
convemence of this decimal system is obvious ; for not only is there a simple 
elatron between the unit of weight and the units of length and of capacity , 
suhm Tf . being related by multiples and 

ml j “obition, and therefore render 

oniry and chemical calculations very easy. 

The weights, from one gram upwards, are usually made of brass (Fig. 2). 

of wwT .Y*'"''"®®' '‘''® P'ovidod with a narrow stem, by means 
Winch they may be lifto.1. This stem is grasped by a small brass forceps. 
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DESCRIPTION OP THE WEIGHTS, [ 5 , 6, 

and not by the hand. The smaller weights, from 0*6 gram downwards, aro 
made either of platinum, or of aluminium foil or shoot. The low specific 
gravity of aluminium renders it po.ssible to use a greater volume of the metal, 
and therefore permits of the weights being comparatively largo and thick. 
Aluminium weights are consequently more easily handled, and are less liable 
to be bent or folded, than those of platinum. These smaller weights are 
square in shape, and usually have one corner turned up to be grasped by 
the forceps. 

An ordinary set of weights, together with a forceps for lifting them, are 
shown in Fig. 2, contained in the usual velvet-lined box. The jeparato 
weights, however, differ in value in seta made by different makers, as will 
be seen by comparing the values of weights shown in the box with those 
represented in Fig. 3. 

5 . The Process of Weighing is much Facilitated by permanently 
removing the weights from the box and keeping them on the front of the 

floor within the balance-case. They are placed on a 
piece of stiff cardboard (Fig. 3), which is ruled into the 
same numhor of spaces as there are wc'ights. Each of 
these spaces is covered by a weight, the value of 
which has been previously written within the square. 
Accordingly, when the weights which aro requisite for 
counterpoising any substance have been removed 
from the caid and placed upon the scale-pan, their 
value may be read off from the uncovered squares left on the card. 

6 . The Rider is a piece of wire bent as is shown in Fig. 4. It is made 
either of gilded brass or of aluminium, and its form enables it to bestride 

the graduated beam of the balance, and to remain 
on whatever part of the beam it is placed. The 
rider is moved from one position to another by an 
arm which passes through the balance-case and is 
moved from the outside. Milligrams and fractions 
of milligrams are usually registered by means of 
the rider. 

Centigram and 12-milligram riders are in common 
use, but riders of other weight ore also employed. 

When the centigram rider is used, the beam of the balance is divided 
by ten main equidistant graduations, each of these spaces being further 
subdivided into ten. Each main division therefore corresponds to 1 milli- 
gram, and each minor division to the tenth of a milligram 

When the 12- milligram rider is u.sed, the beam is divided into twelve 


Fio. 4. 
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7 , 8 .] ADJUSTMENT AND TESTING OP THE BALANCE. 5 

main divisioni, the intervening spaces being divided into tenths as before. 
The position of the rider is thus easily adjusted for fractions higher than 
9 milligrams and lower than 11 milligrams; but in many modern balances 
the whole scale of ten divisions is mado equally aocossible to the rider. 


AdJU.STMENT and TESTJNd OF THE BaLANOB. 

The Balance should be adjusted, and its accuracy ascertained before 
commencing analytical work. 

7. The Balance is Adjusted as follows: 

The balance and its case are first made to assume a horizontal position by 
moans of the levelling screws. This adjustment is satisfactory when the 
bubble of air in the oiicular spirit-level occupies the central position. 

The scale-pans and the beam are then set free from their supports. A 
gentle oscillatory movement is usually imparted to the beam of the balance 
by the removal of its support. A slight fanning movement of the hand over 
one of the pans will, however, servo to start tho oscillation, if necessary. 
The lower end of the pointer or index attached to the beam will now swing 
to and fro over several divisions of the ivory scala If the pointer is found 
to oscillate through an equal number of divisions on each side of the zero of 
the scale, the balance is in adjustment. 

If the spaces described by the pointer on each side of the zero of the scale 
aio unequal, a further adjustment must be mado by turning the small nut 
at tho end of the beam, or the vane in the centre. 

The observations described in paragraphs 8 and 9 are then made. 

8. Delicacy or Sensitiveness of the Balance. —The speed of oscilla- 
tion of the pointer is noted. The slower the oscillations tho greater is the 
sensitiveness of tho balance to small differences of weight, and vice versd. If 
the sensitiveness of the balance is great, tho rate of oscillation will be unduly 
slow, and the operation of weighing will become tedious. • 

Tho oscillations of the pointer become slower as the centre of gravity of 
the beam approaches more closely tho axis of its suspension. Most balances 
have, attached to the central portion of tho beam, a screw which carries a 
nut. By adjusting this nut, tho distance between the centre of gravity and 
the suspension-axis of the beam can be varied at will. This will alter the 
seuaitiveness or delicacy of the balance. 

When a milligram weight is placed on one of the pans of an adjusted 
balance, and the beam is liberated, tho pans should be shown to bo out of 
equilibrium by the swings of the pointer. A delicate balance will be affected 
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in this way by 0*1 milligram, but for ordinary purposes it is sufficient if the 
balance is sensitive to 0*2 milligram. 

The delicacy of the balance may be tested by placing a milligram weight 
on one pan, and balancing this by moans of the rider on the beam upon the 
other side. The rider is then moved gradually along the beam until a dis- 
tinct deflection of the pointer is noticed, the movement of the beam being 
checked by its supports while the rider is being moved. 

The cflect of increasing (ho load on the pans of an ordinary balance is 
to slightly diminish i(,s sensitiveness. But when the maximum weight which 
the balance can carry is placed on both pans, the addition of a milligram 
should have nearly the same influence ui)on the swings of the pointer as 
when the pans were empty. 

9 . Accuracy of Construction of the Balance.— If the weight of the 
same body is ascertained several times in succession, the balance should 
indicate equilibiium every time, if the contents of the pans remain unchanged. 
Faulty construction of the knife-edges will cause differences to appear in the 
successive weighings. 

When each pan of the balance is loaded with equal weights— say with 
60 grams— and equilibrium is secured, if necessary, by the addition of small 
|)iece,s of tin-hal <»n one pan, the e<iuilibrium should bo maintained when 
the loads are changed fioin one pan to (he other. If equilibrium is not 
maintained when the pan- loads are oxchangetl, the arms of the balance are of 
unequal length. 


Testing the Weights. 

The Weights, which are to bo u.sed in analytical operations, should bo 
tested in order to a.sccrtain whether their relative values are correct. For 
most operations it is suflicituit if the relative values of the weights arc correct, 
and it is not essential that each weight should posse.ss its true absolute value. 

10. The Weights are Tested in the following way : A one-gram weight 
is nearly balanced wi(h brass-clippings, and the counterpoise is finally 
adjusted by the addition of small pieces of tin-foil. The original gram weight 
is then removed and is replaced by another one-gram weight ; the counter- 
poise must still be true. The third gram weight is tested in the same way. 

The two-gram weight is then balanced against two of the one-gram weights 
which have been already tested ; the five-gram weight is tried against tho 
two-gram and tho three one-gram weights, and so on. 

The fractions of the gram are then compared with one another in a similar 
manner, and are finally compared with the gram weight. 
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B If the weights are correct in relation to one another, the counterpoise in 
■1 the above coses, and in all similar cases oi nominally equal values, should 
m absolutely true. If tho weights are found to be incorrect, they should be 
^adjusted by the maker. 


The Process of Wetohino. 


There are two methods in common use for determining tho weight of a 
ubstance in air— the Direct Method, and the Method of Substitution. 
!he result thus obtained must bo corrected if the Absolute Weight is required. 

11. Direct Weighing, — In this process the substance is placed upon 
he left-hand scale-pan, and the counterpoising weights are placed upon the 
ight. The weight of the substance is assumed to be equal to the weights 
t'hich act as a counterpoise. 

I This method is expeditious and is the one in common use. Its indications 
ire correct if the balance answers satisfactorily to the tests described in 
paragraphs y-g. But if the arms of the beam are of unequal length, or if 
Ihe balance is not in perfect adjustment, tho true weight of the substance is 
Dot indicated by this method. This is usually of no consequence in any one 
series of weighings, since the relative weights of the different substances and 
hot their true weights are required. The relative weights will be correctly 
given, provided tho different substances are always placed upon the same 
Bcale-pan, and the condition of the balance remains unaltered between the 
Buooossive weighings of the series. 

12. Weighing by Substitution on any balance gives the correU weight of a 
body in air. In this method the body is counterpoised as before. It is then 
removed from the soale-pan, and weights are substituted for it which are in exact 
equilibrium with those already placed upon the other pan. The weights thus 
substituted for the substance will represent the true weight of the .substance in air, 
even when the balance lias not previously been adjusted to equilibrium, and when 
the arms are not of equal length. 


13. Absolute Weight. — Since the volume of the body weighed usually differs 
from that of the weights which counterpoise it, different volumes of air are dis- 
placed by the substance and by the weights. Hence a body which has been 
counterpoised by weights in air would not usually remain in equilibrium with tho 
same weights when the balance is in vacuo. The difference between tho result 
obtained by weighing a body in air and that obtained by weighing it in vacuo is 
usually so slight that it may be neglected in ordinary analytical operations. 

The absolute weight of the substance in vacuo can be indirectly obtained, if 
necessary, in the following manner : The weight of the volume of air displaced by 
the weights must be subtracted from tho weight of the volume of air displaced by 
the substance, and the number thus obtained must be added to or subtracted from 
the weight on the scalo-pan, according as the difference is positive or negative. 
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Directions fob Weighing. 

14. The Following Buies should be attended to during the operation 
of weighing; 

1 . After the balance hae been levelled (7), aeoertain that the scale-pans 
and the floor of tho balance-case are perfectly clean. If necessary, carefully 
cleanse these surfaces with a large cainel’s-hair brush, which should be kept 
in the balance-case for the purpose. 

2 . Then gently release the pans and tho beam (7), and if the beam is not 
caused to oscillate by its release, start its motion by a fanning movement of 
the hand over one of the pans. The pointer must osoiliato through equal 
spaces on each side of the zero of the scale (7). 

This preliminary adjustment is unnecessary if the weight of the substance is 
obtained by difference or by substitution. Thus, if it is required to weigh out 
accurately about one gram of a powdered solid, the solid is put into a weighing 
bottle, or into some other convenient vessel, and the bottle and the substance are 
accurately weighed together. About a gram of tho powder is then shaken out, 
and tho vessel is again weighed. Tho dilferenco between the first and second 
weighings will give the weight of the powder shaken out. In cases simUar to this 
it is not necessary to attend to the previous adjustment of the beam to exact 
equilibrium. 

3 . The substance should be invariably placed on the left-hand pan, and 
tho weighte are then afterwards placed by the forceps on the right-hand pan. 
Tims ensures the convenienco of putting on, changing, and removing the 
weights by tho right hand, tho beam being released from ite support by the 
left hand. 


4. The weighta should be placed ou tho pan in systematic order. It is 
best to oommenoo with a weight which is judged to be somewhat too lieavy. 
If this is found to be the case, lower weights of the same denomination are 
tried m succession, until equilibrium results or the weight is somewhat too 
small m amount. If the weight is too small the weighls of the noNt lower 
denomination should be added to it in tho same systematic order. This 
method will be found muoli more eximditious than that of selecting the 
wmghto at random. The milligrame and frmitions of a milligram am usually 
detennined by the use of the rider. ^ 

'T ^ woighta is 

^dged by observing the swings of the pointer over the graduated scale. 
Ccsecutive swings to the right and to the left must finally be equal in extent. 

6 The balance-case should be closed while the rider ie being used, and 
il^al olaervauou of equilibrium must be always conducted with the case 
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7. The weights must never be handled with the fingers, but should always 
bo lifted with the forceps. 

8. During the transfer of the weights, or the addition or removal of the 
body weighed, the motion of the beam and of the pans should invariably be 
arrested. This prevents the unnecessary wearing of the knife-edges by 
violent oscillation. 

Some furtlier precautions, which must be attended to when a body is to 
be weighed, will bo found in paragraphs l6 and 17 . 

15. Entry of Weight. — As soon as a weighing is completed and an 
exact oountcrpoiso has been secured, careful entry of the weight of the sub- 
stance should be made in the Note-book. The best plan to secure accuracy 


Eia. 6 . Fm. <k Fio. 7. 



VhSSEIJ for WKFGHrKO. 

in this entry is to write down the total value of the weights upon the pan, 
by noting the numbers on the uncovered spaces on the card (Fig. 4, p. 4). 
This entry is then checked by noting the value of each weight as it is returned 
to its proper position on the card, 

16. A Substance should not be Placed Directly on the Scale -pan, 
but should, as a rule, be weighed in a suitable vessel of glass, of porcelain, 
or of platinum. A small crucible or evaporating basin, a clock-glass, or a 
watch-ghiss, is a suitable receptacle for a substance which is not affected by 
the air while it is being Veighed. But hygroscopic, efflorescent, and volatile 
substances, and all substances which gain or lose in weight by exposure to 
the air, must be weighed in closed vessels, such as are represented in the 
above figures. 

The ordinary stoppered weighing-bottle is seen in Fig. 6. A pair of watch- 
glasses, ground flat at their edges, and held together by a clamp of hardened 
brass, are represented in Fig. 7 ; they form a convenient receptacle for hygro- 
scopic substances. Fig. ft shows a pair of thin glass tubes, one of which fits 
closely within the other; these aro often used for weighing dried folded 
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filter-papers. A small beaker with a suitable glass cover js usually more 
convenient than these tubes. 

17. A Substance should never be Weighed while it is much 
Warmer or Colder than the Air in the Balance case, else it will appear 
to bo lighter or heavier than it should be. This is due to two causes. 

First, the hot body causes an ascending moveincnt of air around it, and 
the air which Hows in to take the place of that which has risen tends to raise 
the scale-jjan ; a body which is colder than the air, on the other hand, pro- 
duces a downward air-current upon (ho pan, which tends to depress the jmn. 

Secondly, every substance tends to condense moisture from the air upon 
its surface ; but the amount of moistuie thus condensed diminishes eis the 
temperature of the substance is raised, and increases as the temperature of 
the substance is reduced. 

A body should therefore not only be at the temperature of the air,' but 
should have been allowed to cool in a desiccator (62) if it is to give its true 
weight on the balance. 

]'.\i‘ERiMENT I, — Carefully clean and dry the pair of watch-glasses and clamp 
(Idg. 7), and weigh thorn first by the direct method and then hy the method of 
sul)stitiition. Register the former weight in the Note-book. Cover the glasses 
wiGi a dry, clean beaker, or put them into a desiccator and reserve them for future 
use. 

^ Ascertain in a sifiilai way the weights of the bottle (Fig. 5) and of the tubes 
(Fig. ()), and carefully register these weights in the Note- hook. Keep the bottle 
and tubes covered ami clean until tlu-y are required for use. 



PAET I.-SECTION II. 


DETERMINATION OP RELATIVE DENSITY OR 
SPECIFIC GRAVITY, MELTING-POINT, AND 
BOILING-POINT. 


In connection with the chemical examination of substances it is frequently 
necessary to determine certain of their physical properties with precision. 
Processes for determining Relative density or Specific gravity, Melting-point, 
and Boiling-point are described in this Section ; the determination of 
vapoflr density will be found in paragraplis 92 O- 928 . 

Relative Density, or Specific Gravity. 

28. Relative Density, which is frequently called specific gravity or 
density, may be defined as the ratio between the weiglits of ecjual volumes 
of two substances, one of which is taken as the standard or unit. The accepted 
standard for solid and liquid substances is distilled water at C. 

Accordingly, the relative density of a solid or liquid is obtained by dividing 
the weight of the substance by the weight of an equal volume of distilled 
water at 4 *^ C. 

It is usually more convenient to determine relative density at 16*5*^ C. 
than at 4®, and this temperature is accordingly selected for the purpose in 
ordinary cases. 


Determination of the Density of a Solid Substance. 

29. Solid Substances Heavier than, and Insoluble in, Water.— 
The substance is first weighed in air in the ordinary manner. It is then 
suspended from the beam of the balance by a fine light hair or fibre. The 
weight of the substance is now again taken while it is immersed in distilled 
water at 16*6® C., care being taken that its surface is free from adherent 
air-bubbles. 

The Removal of Air-bubbles may generally be effected by applying a 
camel’s-hair brush to the surface of the solid after it has been immersed in water. 
In order to remove tlie internal air from a porous substance, however, it is neces- 
sary to immerse the substance in boiling water for some time, or to place the 
vessel containing the immersed substance under the receiver of an air-pump and 
exhaust the air. 
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A conr^nient arrangement for weighing the substance in water is shown 
in Fig. 8. 

A small wooden bridge is placed over the left-hand scale-pan of the balance ; 
this bridge serves as a support for a beaker of distilled water. The sus- 
pending hair or fibre is hung by a loop upon a second hook beneath 
the one whicli supports the scale-pan. The removal of the scale-pan, 
which would destroy the equilibrium of the balance, is thus rendered 
unnecessary. 


The density of the solid is obtained by dividing the weight of the body 
in air, by the loss of weight which it sustains in water. Thus ; 



If W = Weight of solid in air, 
and Wx = Weight of solid in water, 

W 

then its specific gravity • 

Example. — In an actual experiment, a 
piece of brass weighed in air 16-766 grams, 
and in water J 4 ■(592 grains : 


lienee its deiusity*- 

16-765 16-766 

16-765 -T4 Gi^ “ Wa 


8-088. 


Experiment 2. — Determine the specific 
gravity of a crystal of Iceland sfiar, or of 
calc-spar, in the manner described above. 

30. Solid Substances Lighter than, 
and Insoluble in Water.— The solid sub- 
Wbioitino in Water. ^ weighed in air. It is then attached 

by means of a fine silk-thread to a solid, 
which is sufficiently heavy to sink the lighter body in the water. The 
weight of this “sinker,” while it is immersed in water at 16-6® C., is 
determined ; and the combined weighte of the solid and the sinker, wliile 
they are attached to one another and immersed in water at 16*6® C., are also 
determined. Those data will suffice for calculating the density of the sub- 
stance. Thus : 



If W = Weight of the substance in air, 

L = Its loss of weight in water, 

H = Weight of sinker in water, 

C - (.'ombined weights of substance and sinker m water, 

then the density = ^ 

L W-(C^S) W'--C+'S 



31, 32.} 


A SOLUBLE SOLID, AND A POWDER. 


13 


Example. — Thus a piece of ])aiaffin-wax was found to weigh in air 18-45 
grams ; tho weight of the sinker in water was 49-30 grams ; the combined weights 
of the sinker and wax in water wore 47-45 grams : 

Hence ite density = 

Experiment 3. — ^Determine the density of a piece of paraffin-wax, usiiig as a 
sinker the piece of Iceland spar, the specific gravity of which was determined in 
Experiment 2 . 

31 . Solid Substances Soluble In Water.— The substance is first 
w eighed in air. It is then weighed in a liquid in which it is insoluble. The 
(h nsity of this liquid iimst be known, and is deierinined, if necessary, accord- 
ing to the directions given in paragrapli 33 . 

Then if W == Weight of substance in air, 

Wi = Weight of substance in the liquid, 

• and L = Density of tho liquid ; 

W 

the density of the .suhshmeo in relation to the liquid is - 

W — Wi 

but the density of the liquid ; the density of water : : L : 1 

W 

hence the density of tho solid compared with water = XL. 

Example. -A jiioce of loaf sugar was found to weigh 0-612 grams in nir, and 
in mineral naphtha (density 0-748) its weight was found to be 3-126 grams. 

6-612 


Hence its density = 


0-612 -3-126 


X 0-748 - 1-418. 


Experiment 4.— Determine tho density of a lump of sugar by weighing it 
first in air and then in petroleum of known specific gravity. 


ITa. 9. 


32. Solid Substances in the state o! Powder.— Occasionally it 
happens that tho solid stihstanco, whose density is to be deter- 
mined, is in the state of powder. In such a ease a suitable 
bottle (Fig. 9) is weighed. Tho weight of distilled water at 
15'5° C., which the bottle contains when it is exactly filled to 
the mark on the neck, is determined ( 34 ). Suppose this to be 
-W grams. 

Tho powdered solid is now introduced into the dry bottle, 
the whole is weighed, and the weight of the powderetl solid is 
obtained by dilTerenco. 

The bottle containing the solid is then filled to the mark 
^ith distilled water, air-bubbles inclosed in the powder are 
removed by heating or stirring, the liquid is brought to the temperature of 
15-6® C., and the bottle and its contents are weighed again. 
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Now the weight of water, which is displaced from the bottle by the sub- 
stance, will bo the weight of a volume of water equal to the volume of the 
solid. This is found by taking the difference between the weight of the 
solid, and the excess of weight over 50 grams of the solid + water. 

Hence, if W = Weight of solid, 

Wi = Weight of solid + water, 
and Wo = Weight of water which fills the bottle, 

w w 

then the density = = w + \V7- WT- 

KxAMPr.K. ~Tn detenniniiig the density of a sample of sand, a weighed bottle 
containing 50 grams of water was used. 15 grams of sand were poured into the 
empty bottle. The bottle was filled up to the mark with water, and the contents 
then weighed 59‘6 grams. 

Hence the density — — — 2*78. 

^ 16 + 50 - 59-6 5-4 ' * 

Expkrimknt 5. — Determine the specific gravity of a sample of silver sand, 
using an ordinary specific gravity bottle for the estimation. 


Density of a Liquid Substance. 


33* The Density of a Liquid is usually obtained by ascertai ning directly 
the weights of equal volumes of the liquid and of water. 


The Direct Method may be carried out as follows : 

An empty bottle, or other suitable vessel, is weiglied in a perfectly clean 
and dry state. It is then filled to a fixed level with distilled water at 16’5® C. 
(60" F.), and is again weighed. ITie difference between the two weights gives 
the weight of the water which fills the bottle to the level. 

The clean dry bottle is then filled in a similar way with the liquid at the 
temperature of 15*5'^ C. and is weighed again. By subtracting from this weight 
the weight of the bottle, the weight of the liquid is obtained. 

Since the volumes of water and of the liquid which have been weighed 
are equal, the density of the liquid is obtained by dividing the weight of the 
liquid by the weight of the water. Thus, if 

W = Weight of vessel -f water, 

Wi = Weight of vessel + liquid, 

W 2 = Weight of vessel alone, 


then the density of the liquid 


Wx - 

w - w, 


Th> todlTMt H«thct oonsUta in w.ighing the snm, solid .nbstano. first it 
air, than m water at 16-6” C., and thon in tho liquid at tho Bara, tomperatute (20). 
The of wBight m tho liqnid divided by tho loss of weight in water wiU give L 
density of the liquid substance. * 
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Two forms of apparatus wliich are used for ascertaining the deasity of 
a liquid by weighing it on the balance are the Specific Gravity Bottle (34, 35) 
and the Sprengel Tube ( 36 ) ; the use of the Hydrometer ( 38 ) dispenses with 
the necessity of weighing. 

34. The Density or Specific Gravity Bottle (Fig. 9 , p. 13 ) consists of 
a small thin glass bottle, into the neck of which an accurately ground hlown- 
glass stopper is fitted. The neck is contracted below the stopper and has a 
mark etched upon it. The mark enables the bottle to be always charged with 
precisely the same volume of liquid. 

This form of bottle is useful for all liquids, but more especially for volatile 
liquids, since the stopper prevents the escape of vapour, and consequent loss 
of weight, from occurring during the process of weighing. 

A small sei)arato thermometer must be inserted through the neck of the bottle 
when the temperature of the liquid has to be found. A small light thermometer 
is freqi?ently attached to tlie stopper. The bulb of this thermometer is immersed 
in the licpiid, and serves to give its temperature when the stopper is inserted. Or 
the bottle may bo provided with two necks, in one of which the thermometer is 
pennatienMy inserted, while the other serves for filling in the liquid and is closed 
by the stopper. 

Before the bottle is used, it is thoroughly cleansed with distilled water, 
then dried in the atoam-oven, and is accurately weighed when it is cold. A 
more rapid method of drying the bottle consists in rinsing it out with alcohol, 
then with ether, and then placing it in the steam-ovon. 

The process of drying by either method may be accelerated by sucking 
out the vapour by means of a glass tube which is passed down to the bottom 
of the bottle. 

In making very accurate determinations of the density of a liquid, it 
should be remembered that immediately after the bottle has been heated or cooled 
its capacity is slightly altered. The normal capacity is only restored after the 
bottle has remained at the ordinary temperature for some hours. 

The bottle must now be filled to the mark with distilled water which 
has been brough to the temperature of 16'5° C. in a separate vessel. This is 
Conveniently effected by filling the bottle with distilled water, the temperature 
of which has not been first adjusted, and then placing it in a bath of water 
which is kept at 16-5® C. 

If the temperature of the water in the bath is above the standard tem- 
perature, it may be reduced by means of ice, or by dissolving in it a few 
crystals of sodium thiosulphate or of ammonium chloride. 

As soon as the distilled water in the bottle has assumed the standard 
temperature, which will take from twenty to thirty minutes, the excess of 
liquid is removed by a pipette, until the meniscus ( 246 ) just touches the 
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mark. The dry stopper is then inserted, and the bottle is quickly but carefully 
dried with a clean dry cloth. The bottle and its contents are then weighed. 

The difference between the weights of the bottle, when filled and when 
empty, gives the weight of the water at IS'S® C. which it contains when it is 
exactly filled up to the mark. Tliis weight must be carefully entered in the 
Note-book. 

The weight of the bottle and of the water which fills it to the mark must be 
redetermined from time to time, since the bottle decreases slightly in weight with 
use and its capacity may also undergo some change. • 

A precisely similar series of operations is now carried out with the liquid 
whose specific gravity is to be found. The weight of the liquid which fills 
the bottle to the mark is thus determined. By dividing this weight by the 
weight of the equal volume of water, already obtained, Jhe density of the 
liquid is found. 

Example —In the estimation of the density of a sample of methylated spirit, 
a 50-gram specific gravity bottle weighed, when empty, 24-6666 grams. When 
filled with distilled water at 15‘6® C. it weighed 74 r)446 grams ; and when filled 
with methylated spirit at 16'5* C. it weighed 66 9260 grams ; 


Hence the density — 


65*9260 - 24*5665 
^ 6446 ~^ 24 *^ 


41*3605 

41^790 


0*6276. 


35, Another Form of Specific Gravity Bottle which is suitable for 
non-volatile liquids is shown in Fig. 10. 'J’he neck of this bottle is fitted 
with a perforated stopper. The perforation enables the bottle 
to be precisely filled with the liquid, with the entire exclusion 
of air- bubbles. 

After the bottle has been filled with liquid, and the liquid has 
been brought to the requisite temperature (34), the stopper is 
dropped into the neck ; the liquid will then entirely fill the 
bottle and the perforation in the stopper, a small rjuantity over- 
flowing from the perforation. The bottle is then wiped dry 
and weighed. 

A cloth may be used for wiping the surface of the bottle ; 
but the top of the stopper should be wiped by the dry hand, 
since the porous cloth would absorb some of the liquid contained in the 
capillary bore of the stopper, and lower the level of the liquid. 



Tlii.s form of bottle may give lc.s8 accurate results than that described in para, 
graph 24, Mnoo the insertion of the stopper with dillorent degrees of pressure will 
cause the capacity of the bottle to vary. 


36. The Sprengel Tube is more rendily used than the ordinary specific 
gravity bottle for taking the Bpccifie gravity of a liquid at a tamperatura 
differing from that of the atmosphere. 



TTTR smTlNanL TUM. 


«6l 




As is shown in Fig. 11 it consists of a broad vessel into which two thick- 
walled capillary tubes are fused. The tW'o capillary tube.s arc drawn out to 
slifilitly tapering ends, and arc bent at right angles, as is shown at a, b, 
and a mark is lightly scratched on the tube ( 6 ). 


The ends of the capillary tubes arc ground to fit small ground glass cnps ; 
(liesc are ased for covering tlu* ends, as is shown in the figure, and they 
prev(;nt the evaporation of a volatile liquid after it has been introduced into 
the lube. The use of the modified form ( 37 ) often ^ " * 

enablers the caps to be dispensed with. 

The weight of the empty tube is asoerla-’ned 
after it has been thoroughly cleansed and dried. 


The caps are then removed, and Iho tube is 
filled with distilled water by immersing the im- 
iiKuked ffud (a) in water, and applying suction 
at the other end ( 6 ). The water should reach 
some distance beyond the mark on the tube ( 6 ). 

The tube and its contents arc then brought to 15-5° C., or to a higher 
temperature if necessary, by hanging the broad part of the tube in a beaker 
of water which is at the requisite temperature (Figs. 12, 13). 



Fm. 11. 

Sprengel Tubb. 


'riie dislillod water should still reach the mark on the narrow tube {b). 
If it extends beyond this mark, some water is sucked out by pressing a 
piece of filter-paper gently again-st the pointed extremity (a) : as soon as 
the liquid exactly roaches the mark, the filter-paper is withdrawn. The 
tube, which is now exactly filled to the mark, is removed from the water, 
the caps arc replaced, and the whole is carefully dried and weighed. 

The tube is then emptied and dried, and is exactly filled to the mark, in 
thp way already described, with the liquid whose density is required. It is 
( hen weighed. ** 

The calculation of the density is made in the same way os from thq 
weighings with the bottle (34). 

Example,— Thus, in determining the density of petroleum aether, the tube, 
'hon empty, was found to weigh, 10 -6006 gj*ams ; wh|en filled with water it? weight, 
>a.s lG'6r)9 grams; and when filled' with petroloum 7 ether its weight, was 14’471, 

’ • 14r471 - 10-6006 3-9706 

Hbnce tU dimity = npjjgTTowOS - - 0-6448. 

Experiment 6.— Determine the density of a sample of petroleum by the 
peeific gravity bottle, and control the determination by means of the Sprengel 
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37. A Useful Modification of the SprengelTube is shown in Figs. 12, 13. 
it is especially convenient for dealing with volatile liquids and for taking the specific 
gravity of a liquid at a temperature much lower or higher than that of the air. 

The narrow tubes in which the U-tubo terminates are bent into directions at 
right angles to one another, but each of them forms an obtuse angle with the 
limb of the U-tube. The tube (a), upon which the mark is made for registering 
the constant volume, is expanded into a bulb just beyond the mark ; this bulb 
allows expansion of the liquid to take place by rise of temperature, without loss 
of the liquid occurring by overflow from the end of the tube. The tube {b) must 
be drawn out to a tapering end to prevent the liquid from receding fron^ its end. 

In using the apparatus, the liquid is sucked in until it fills the tube and part 
of the bulb, and is then brought to the desired temperature in the usual way by 
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immersion in water. The vohime of the liquid is finally adjusted to the mark by 
holding the apparatus with the capillary (6) horizontal (Fig. 12), and sucking out 
the liquid by applying filter- paper to (6) until the liquid descends to the mark (a). 
As soon as the apparatus is placed in an erect position (Fig. 13), the liquid sinks 
to (c) in the capillary (6), and ascends to (d) in the other capillary. The liquid is 
thus withdrawn from the ends of the capillary tubes, and is therefore protected 
against loss daring the process of weighing. 

38, The Hydrometer furnishes a rapid means of taking the density of a 
liquid substance, and dispenses altogether with the process of weighing. It 
is a glass or metal float (Fig. 14), whicli is weighted below so as to cause it to 
assume a vertical position when it is placed in the liquid whose specific gravity 
is to be determined. The stem is so graduated that the number which is 
level with the surface of the liquid, when the hydrometer is floating freely 
show's the specific gravity of the liquifl. The temperature of the liquid must 
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be adjusted to the temperature at which the hydrometer has been graduated, 
which is usually 15-5° C. 

The accuracy of the graduation may be ascertained by floating the hydro- 
meter in liquids, the densities of which have been determined 
by accurate weighing ( 34 - 37 ). , 


Melting-point of a Solid Substance. «: 

The Determination of the Melting-point of a Solid « 

Substance.— Three methods are described in the succeeding 
paragraphs. The first two are alike in principle and are the 
methods usually adopted. The third method is useful in ; 

special cases. ui 

39. First Method. — The substance is placed in a thin- * 
walled ^lass tube, which is about 1 mm. in diameter, and is » 
sealed at one end (Fig. 15). Such tubes are readily made by 
softening a thiri-walled narrow test-tube in the Bunsen flajne ( j 

and drawing it out until it is reduced to the required diameter. \ / 

The long tube thus produced is cut into tubes 5 cm. in length, \ / 

ciich of which is then closed at one end by fusion in the Vf . 
flams. 

The open end of one of these tubes is dipped into the 
finely powdered substance in a watch-glass, so as to take up nyj;,iioMETEH 
some of the powder. The tube is then held mouth upwards 
and tapped gently with a small spatula until the pow'der is shaken down 
to the bottom. These operations are repeated until about 1 cm. of the 
tube is filled. 

The tube is then attached to the stem of a delicate thermometer, just 
above the bulb, by binding it by thread or fine wire (Fig. 16) ; or a little 
iubber ring, snipped off some small rubber tubing, may be slipped over the 
upper end of the tube and the thermometer stem. It is necessary that the 
tube enclosing the substance should be in actual contact with the glass of 
the thermometer bulb. 

The thermometer and tube are now placed in a beaker containing a liquid 
"liich has a higher boiling-point than the melting-point of the solid (Fig. 10), 
the upper portion of the tube bmng allowed to project slightly above the 
surface of the liquid. If the bath consists of strong sulphuric acid the tube 
need not be fastened to the stem of the thermometer, as it will be caused to 
cling to it by the action of the thin in^rvening film of acid. 

The beaker is then heated until the solid substance melts, and the tern 
perature of its liquefaction is accurately noted by the thermometer. It Is 
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necessary that the rise of temperature shoulrl bo very gradual when the 
melting-point is nearly approached. 

During the process of heating, the contents of I lie bat h should be constantly 
mixed by the movement up and down of a stirrer, which is made of bent 
glass rod or of stout wire in the shape shown at (ft) in Fig. 16 ; or (bo mixture 
may be otTocted by a slow stream of air-bubbles which are made to pass up 
through the liquid from the bottom of the beaker. It is necessary to secure 
in this way a uniform temperature throughout the mass of the liqui(| during 
the determination. 


The stirring may be dispensed with if the thermometer bulb and substance 
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are immersed in a boiling-tube containing liquid, which is itself surrounded 
by the liquid in the beaker or flask which serves as the outer bath. 

The thermometer and tube are then removed and are allowed to cool ; 
and the process of fusion is repeated with a new tube containing a fresh sample. 
of the substance, since refusion often takes place at a lower temperature than 
the first melting. The mean temperature obtained from several experiments, 
made on different samples of the substance, will give the melting-point of iho 
solid* 

If the Mercury-thread of the Thermometer extends above the surface 
of the liquid when the melting-point is read off, a correction must be applied foi 
the contraction due to the cooling of the mercury. 

The following formula will give the correction to be added : 

N(T -t) X 0*000166. 
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Hero N stands for the ninnber of degrees on tiio thermometer stem which are not 
boated by the liquid ; T is the temperature indicated by the thermometer ; t is 
the temperature taken by placing the bulb of a second thermometer midway 
between the surface of the liquid and the top of the mercurial column, and O’OOOISO 
is the apparent coefficient of expansion of mercury in glass. 

In the case of certain fats and of some other substances, the exact point 
of liquefaction is soon with difficulty. It is then preferable to use a narrow 
tube open at both ends, bub the tube must bo heated in a liquid which does 
not act upon the substance in any way. 

If any difficulty is oxporiejjcod in introducing the substance into this 
open tube, the fine end of the tube may be inserted into the melted substance. 
A small quantity will enter by capillary attraction. This is allowed to cool 
and solidify, and tho tubo is then attached to the thermometer and immersed 
in tho bath. The moment of liquefaction of tho substance is indicated by its 
ascent in the tube. The temperature of the thermometer is noted when this 
movenufnt is seen to occur. 

It should bo borne in mind that many substances, more especially the 
animal fats, show a lower melting-point when tho process of fusion is repeated ; 
but in such cases the normal melting-point is usually regained after tho 
substance has remained in tho solid state for some hours. 

ExpEfiiMiONT 7.— Determine tho melting-point of a sample of paraffin-wax 
by the above methods, using a beaker coutaining water for the bath. 

40 . Second Method. -A modified form of vessel for determining melting- 
points is shown in Fig. 17. It is made by blowing a bulb at the end of a jnece 
of wide glass tubo, and should bo about 16 om. in length with a diameter of 
about 3 cm. and with a bulb about 5 ora. in diameter. 

I'his bulb is nearly filled with concentrated sulphuric acid. The bulb of 
tlie thermometer is then dipped into the acid, and tho tubo containing the 
substance is placed alongside the bulb and in close contact with it, as was 
described in paragraph 39 . 

This thermometer bulb and tube are now dipped into the acid (Fig. 17), 
tho up{)er part of the tube remaining above tho surface of the liquid, when 
tlio small tubo will adhere to tlio thermometer by the surface-tension of tho 
acid film. The stem of tho thermometer is hold in position by means of a 
cork inserted in the mouth of tho large tubo, the cork having a groove out in 
its edge to permit air to escape as it is expanded by heat. 

When all is properly adjusted, heat is gradually applied to the bulb and 
the melting-point is observed. The process is repeated and the results dealt 
with as has been already described { 39 )^ 

The discoloration of tho acid after continued use may be removed by 
( firopping in a crystal of potassium nitrate. 
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Experiment 8. — Determine the melting-point of sulphur or of benzoic acid 
in the apparatus shown in Fig. 17 , using strong sulphuric acid as the 
bath. 

41. Third Method.— The substance, in the form of powder, of minute crystals, 
or of thin slices, is held between two microscopical cover-glasses. This makes the 
exact time of fusion very evident, since the film of substance, which is more or 
less opaque before it is melted, becomes suddenly transparent when it fuses. The 
large heating surface which is exposed, relatively to the amount of substance used, 
also causes the indication to be very sharp. ^ 

The method of procedure is as follows : 

A thin square microscope “ cover-glass ” is*out into halves, a small quantity 
of the substance is placed between these glasses and is caused 
to assume a very thin layer by gently pressing and sliding the 
glas.scs between the fingers. 

The glasses are then fastened to a platinum-foil holder of 
the shape shown in Fig. 18 . The holder may bo made by 
suitably folding the foil and then cutting out a square piece 
with a pair of scissors. If necessary, the holder and the 
glasses may be more firmly bound together by means of thin 
platinum wire. 

The whole is now suspended, in contact with the bulb of 
a thermometer, in a wide test-tube. The test-tube serves as 
an air-bath and is immersed nearly up to its mouth in a bath 
of sulphuric acid or other suitable liquid. The temperature 
of the liquid is gradually raised until the film suddenly becomes 
transparent, and the temperature is then immediately read 
upon the thermometer. 

In order to prevent undue convection of air, it is well to insert a plug of cotton- 
wool in the neck of the test-tube. 

The cover-glasses may bo used as long as they remain unbroken. 

The method gives uniform results and is especially suitable for the determination 
of the melting- f)oints of waxes and of fats. These substances need not be previously 
melted and cooled as is necessary when the first method (39) is employed. 
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Boiling-point of a Liquid Substance. 

The Boiling point of a Pure Liquid is always the same when the 
licluid is boiling under the same pressure and similar conditions. This con- 
stancy of boiling-point is frequently made use of to ascertain the purity of 
a liquid, as well as to detect its nature. * 

Three methods are described for determining the boiling-point, by ascer- 
taining the temperature of the vapour produced by the liquid when the 
vapour pressure is equal to that of the atmosphere. The first is the one 00m- 
monly employed. The other methods are resorted to when only a imall 
‘^luantity of the liquid is available. 
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42 . First Method.— The liquid is placed in a flask (Fig. 19), the neck of 
wliich is provided with a delivery-tube at the side. The nock is closed by a 
perforated cork, through which a thormonieter passes. The bulb of the 
thermometer should be fixed just above the surface of the liquid. 

Heat is gradually applied until the liquid boils, the side tube serving to 
carry away the vapour which is produced. The bulb and part of the stem 
of the thermometer are thus constantly surroundwl by the vapour of the 
boiling liquid. 

If the fioiling-point of the liquid is above 120® C., an air condenser, 
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Consisting of a long glass tube slipped over the aide tube of the flask, will 
suffice for condensing the vapour. This arrangement is shown in Fig. 19. 
If the boiling-point is below 120®, a Liebig’s or other form of cold water 
condenser (I016) should be used. 

As 80 (m as the reading of the thermometer remains constant above the 
surface of the boiling liquid, the temperature is registered as the boiling-point 
of the liquid. 

This reading will, however, require correction by the formula given in 
paragraph 39 , if the upper part of the thread of mercury in the thermometer 
is cooled by extending above the cork. 

It should be remembered that any considerable difference in the atmo- 
spheric pressure will cause an appreciable variation in the boiling-point. It 
will therefore be necessary either to arrange a means for adjusting the pressure 
Within the flask, if the atmospheric pressure varies much from 760 mm. 
of mercury; or, as an alfernative. to specify' (fie barometric pressure rea<l 


24 


BOILING -rOlNT DETERM TNATION. 


[43.44* 

during the time of taking the boiling-point. Thus, if (ho boiling-point 
observed is 62° C. and the barometric pressure is 760 mm., it may bo entered 
62° C. /760 mm. 

A rough correction may be applied, if necessary, on the assilnlptioU that art 
increase or diminution of 20 mm. in the atmospheric pressure from 700 mm* 
Causes approximately an increase or diminution of T C. in the boiling-point. 

Expbrimbnt 0. — Determine the boiling-point of aniline, using an air condenser ; 
and of chloroform, using a Liebig condenser. * 

43* Second Method. — The method described below may 
bo employed when only a small quantity of liquid is avail- 
able. It gives results which are usually within one degree 
of the true boiling-point. 

About I c.o. of the liquid is placed in a tbin-wallcd 
test-tube, which may be about 8 cm. in length and 1 cm. 
in diameter. The test-tube is fastened to the 'thermometer 
by means of fine wire, as is shown in Fig. 20. A lino 
capillary tube of thin glass, a little more than 8 cm, in 
length, is then prepared by heating the walls about half an 
inch from one end in the tip of the fiamo for a second, so 
as just to fuse them together; and the tube is placed in 
the test-tube as is shown in the figure. 

The apparatus is now dipped into a beaker containing 
sulphuric acid,. the mouth of the test-tube projecting above 
the surface of 'the' Jiqpid. When the acid is lieated, small 
bubbles of air will slowly escape from the lower end of the 
capillacy tube. As the temperature gradually rises, the 
Apparatus. evohition of vapour- bubbles will eventually become rapid 
and continuous, indicating that the liquid has attained its 
boiling-point. The temperature is then read uiion the thermometer. The 
determination should be confirmed by repeating the process with a fresh 
capillary tube. 

Kxpkrimknt 10.— Determine the boiling-point of a aamplo of bonzotio by the 
above method. 

44 . Third Method.— This method is also convenient for determining the 
boiling-point when the quantity of liquid available is small. It depends on the 
fact thatlho pressure of the vapour of a liquid at its boiling-point is equal to the 
pressure of the atmosphere. * 

A piece of thin-walkd glass tubing, sealed at one end, is bent into tho.shnpe m' 
the letter U (^'ig. 22 ), tlie open limb being considerably longer than the closed 
one. A few drops of the liquid are poured into the tube, which ig then inverted 
80 that the fiquid ocoupies the closed end. 
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'I’heopen end is now immersed in a vessel (6, Fig. 21) containing mercury, av 
porcelain crucible or a small glass beaker being used for this purpose. The vcasell 
IH bound to the tube, and is suspended by wire from a gla.ss rod (c). The whole; 
is then plunged into a suitable bath, and is heated to a temperature higher thani 
the boiling-point of the liquid enclosed in the tube (Fig. 21). The vapour arising: 
from the boiling liquid will expel the air from the tube, and will itself fill the; 
tube. 

The tube and vessel are then removed from the bath and are allowed to cooil 
The mercury will rise and fill the whole of the tube, with the exception only of ak 
small space at the bend of the tube, which is occupied by the liquid formed by the* 
cuiidcnsation of the vapour; care must be taken that no air-bubbles are present.. 
The tube will then have the appearance shown in Fig. 21. 

The tube is now carefully inverted in position, so as to cause the liquid to 
a.scend and occupy the closed end. Mercury is removed by pushing a glass rod 
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down the open tube until the column of mercury is shorter in the open than in the 
elu.scd limb of the tube ; and the tube is immefeed Wa bath of liquid, the boiling- 
puiiit of which is higher than that of the liquid in the tube, care being taken that 
the longer limb extends above the liquid in the bath (Fig. 22). A thermometer 
is then immersed in the bath with its bulb close to the closed limb of the tube, and 
heat is gradually applied. 

As soon as tho mercury columns assume the same level in both limbs, the 
temperature i.s taken. The heating is then continued for a short time, and the 
xmi'co of heat is removed. The mercury will now be higher in the open than in 
the closed limb of tho tube. As soon as the mercury in the open limb falls to the 
same level as that in the closed limb, the temperature is again noted. These 
ohseivutions are repeated several times. The mean of the temperatures thus, 
observed gives the boiling-point of the liquid. 

It is necessary to agitate tho contents of the bath during the heating and cooling: 
processes, so that the temperature may be uniform throughout the mass of the 
liquid. This may be effected by an appropriate stirrer (Fig. 16, 6, p. 20), or by 
passing a stream of air to tho bottom of tho vessel, and allowing the bubbles to' 
lii^o tlirough tho whole height of the liquid. ^ 

Experiment 11. — Determine the boiling-point of a sample of ether by thei 
above method, using water in the bath. 
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Mechanical Preparation op Solids. 

54. Before commencing the Analysis of a Substance, two conditions 
must usually be attended to with regard to the substance itself. 

(1) Tlie specimen chosen for analysis must be a fair and average sample of 
the body which is undergoing examination. 

(2) The substance, if a solid, must almost invariably be in a finely divided 
state. 

55. Sampling. — The first condition presents no difi&oulty in the case of a 
body of homogeneous composition. But in preparing a sample of a hetero- 
geneous mass for analysis, such, for example, as an iron ore, portions should 
be selected from dift'oront parts of the mass. These are then coarsely 
powdered and mixed, and a small quantity of this mixture is used for the 
analysis. 

Frequently a large quantity of moisture is present. In this case the sample 
should be selected from the interior, as the outer portions would probably be 
more or less dried by exposure to the air, and would give too low a percentage 
of water. 

Again, in the examination of certain minerals, the mineral of which the 
composition is to be ascertained is often embedded in a matrix of earthy 
matter, or is adherent to other minerals. Care must be taken in this case that 
a true sample, consisting of the desired mineral only, is detached. 

In many of the estimations described in Parts II. and III. pure substances 
must be used. Although most of these may be purchased in a form suitable 
for analysis, it is advisable in certain cases to prepare the substance by puri- 
fying the ordinary chemicals. Directions are given in paragraphs lOd-IT’O 
for effecting this purification. 
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56 . Powdering. — Tlie second condition, that the solid substance which 
is intended for analysis must be in the state of very fine powder, is also usually 
indispensable, since a substance is more readily acted upon by solvents and 
by (luxes when it is in fine powder than when it is in mass. 

The operation of powdering a substance is usually conducted in a mortar. 
It is essential that the mortar should bo composed of harder material than 
che body to be powdered, or the powder will be contaminated with particles 
of the material of which the mortar is composed. For salts and otlier com- 
paratively soft bodies, a porcelain or a Wedgwood mortar may be uieJ ; but 
for many minctals and other hard bodies, a mortar of steel or of agate is 
necessary. 

When a mineral is being reduced to powder, the large pieces may be first 
broken by wrapping them in paper and striking 
(hem with a hammer upon a steel anvil. The 
smaller pieces thus produced are then reduced 
to coarse powder, either in a steel mortar of 
the usual shape, or in a steel percussion mortar 
(Fig. 23), which consists of a hollow cylinder 
fitted into a depression in the base. The sub- 
stance is placed in the cavity thus formed. The 
solid cylindrical pestle is then pushed down upon 

the substance, and is struck repeatedly with a 
, , , ... Steel Mortar 

hammer until the substance is powdered. 

Chemical grinding-mills are also supplied which serve for converting hard 
minerals into coarse powder. 

The coarsely powdered substance is next introduced, in small portions 
at a time, into an agate mortar ; and the substance is further powdered by 
trituration, not by bloios, until it forms an impalpable powder. If the powder 
is sufiiciently fine, no grittiness will be felt when it is rubbed between the 
finger and thumb. 

To make certain that the substance is sufficiently finely powdered, it is 
advisable to sift it as follows : A piece of fine muslin, which has been well 
waslied and dried, is stretched over the mouth of a beaker and held in position 
by a rubber ring. The powdered substance is then poured upon the muslin, 
and the beaker is gently tapped. The finer particles will fall through into 
the beaker. The coarser pieces which remain on the muslin may then be 
returned to the mortar and again triturated until (hoy pass completely through 
the muslin sieve. 

Brass sieves of various mesh are also supplied by the maker for sift- 
ing powders. Before using these, they must be perfectly cleansed and 
dried. 

Trituration with water was formerly used in the pulverisation of so-called 
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insoluble bodies. Since, however, all solids dissolve to some extent in water, 
this method lias been generally discarded, because it affects the cotiiposition 
of the substance. 


Drying, or Desiccation. 

57 . Most Substances contain Water in varying and unknown quantity. 
It is frequently necessary to remove this water before the substance is analysed. 
Some of the methods of effecting this are described below, others are described 
horeaftc'r. 

Water may be present either as adherent water, commonly termed mois* 
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Water-oven. Water-supply (Section). 

turo, or as combined water, which is frequently water of crystallisation. The 
operation of drying is usually conducted for the purpose of removing adherent 
moisture without reducing the amount of combined water or of any other 
constituent. 

The removal of adherent water, or moisture, may be effected in several 
ways. Five methods are described below. In selecting one of these, atten- 
tion must bo paid to the temperature at. which the anhydrous substance 
begins to decompose, so as to prevent the loss of other constituents besides 
adherent moisture. Any near approach to a temperature which would 
cause such a change must be avoided. 
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58 . Drying at Ordinary Temperature and in Vacuo. -If a solid 
substance is to be superficially dried at the ordinary temperature of the nir, 
as is usually necessary in icmoving the adherent mother-liquor from crystals, 
a convenient method of procedure is as follows. 

The moist solid is placed in a thin layer upon a porous tile or plate to 
drain. After most of the moisture has been drained off by several hours’ 
standing, the substance is next pressed, in thin layers, between folded sheets 
of filter-paper. The j)a[)er is renewed until the fast sheets no longer become 
moist. The adherent moisture is then known to have been removed. The 
drying may be completed by exposure in the desiccate)!* mentioned below, 

Tf the substance is a liquid, or if it decomposes when heated, it may be 
dried by placing it in a desiccator (62) and exposing it to the drying action of 
sulphuric acid or of .some other absorbent of moisture. The production of a 
vacuum in the d&siccator greatly hastens the evaporation and removal of 
the water {63). 

59* Drying at Steam-heat. — Substnnce4!i are more rapidly freed from 
water by heating (hem to a temix^raturc of lOfi® C., a thin layer of the 
powdered or liquid substance being spread on a watch-glass, and exposed to 
a gentle current of air in a steam-oven (Fig. 24). Nec also par. 1022. 

The oven is made of copper, and, with the exception of the door, it is 
doubly cosed throughout. The door may be glazed to give a view of the 
interior. The casing of the oven is filled to about one-third its height with 
water. Heat is then applied by means of a Bunsen or other atmospheric 
burner. When the water boils, the upper part of the hollow casing becomes 
Idled with steam and the temperature of the interior of the oven approaches 
100° C. ; the steam is either allowed to blow off into the air, or is condensed 
i'y a long tube or condenser and returned as water to the steam-oven. 

A gentle current of air passes through the oven when it is heated, entering 
through an inlet near the bottom of the door and escaping from an outlet in 
the top. 

It has been found possible to attain a higher temperature t han that usually 
recorded in a steam-oven, by dispensing with the usual inlet for air through 
the door. A narrow copper tube is substituted for this : one end of the 
tube IS seen immediately beneath the door, and the other end opens into 
the oven flush with its bottom. The pipe itself is thus constantly surrounded 
with boiling water, and the air passing through it into the oven enters at a 
temperature of nearly 100°. There is a small outlet for air provided at the 
upper part of the back of the oven. 

Tlio arrangement for ensuring a uniform level of water in the steam-oven 
will be understood from the sectional drawing (Fig. 26). A constant supply 
of cold water flows into the vessel which is attached to the side of the steam- 
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oven, and (he excess flows away by the central tube to a sink. 'Pho water 
in the bath is maintained level with the top of this overflow tube by a small 
connecting tube below. 


60. The Heating of Steam-ovens may be advantageously combined with 
the Distillation of Water. The apparatus suitahle for this purpose stamls 
conveniently in a recess in the laboratory wall, which is fuitiished with a glazed 
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projecting hood, and with a good draught from the top. This arrangement is 
represented in Fig. 26, which is drawn to the scale of one-tenth. A copper boiler on 
a stand, and a stoneware coUecting-jar, are seen resting on the floor of the recess 
while the sot of double-cased copper ovens and the still-tub are supported on a 
frtrong iron grating above. 

The steam generated by heating the boiler with a powerful Fletcher burner 
passes from the boiler through a pipe which terminates within the outer casing of 
the orons, and several inches above the bottom. The steam then makes its way 
between and around the various ovens, undergoing partial condensation while 
heating them. The hot condensed water thus produced flows through a pipe, 
the opening of which is flush with the bottom of the oven-casing. This pipe has 
a U bend to prevent the escajH. of steam. The water is collected in a stoneware 
jar, from which hot distilled water may bo drawn when the apparatus is at work 

Any steam which is not condensed in heating the ovens passes from the upper 
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part of the oven-casing into a block-tin worm enclosed in the tall still-tub. It is 
thus condensed, and flows as distilled water from the end of the worm-pipe into 
a second stoneware store-jar provided with a tap below. The level of the water 
inside this jar is indicated by a glass .syphon-gauge. 

It is essential that the coils of the tin pipe shall be so sup|)orted as to have 
throughout a permanent uniform downward slope, else the condensed water will 
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Hot dram away from the worm, and a back pressure of steanrwill be produced in 
the apparatus. 

The stdl-tub is supplied with a stream of cold water from a pipe, in which is a 
control tap. This pipe is shown at the extreme right of the figure. From the top 
® e opposite side of the still- tub the heated condensing water flows into a little 
J Of ing-vessel attached to the side of the boiler, such as is shown in section in 
th^ ^ this hot water servos to keep up the water-level in 

c boiler to the dotted level in the figure ; and the rest flows away through a 
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central pipe, seen in the feeding-vessel, into a hot-water supply vessel and hence 
into the waste. 

All the connections are made by means of screw-union joints. The apparatus 
•can therefore bo quickly and easily disconnected and dismounted for the purpose of 
removing the incrustation in the boiler and on the condensing worm, and for repairs. 
The incrustation, if strongly adherent, may be dissolved off by commercial hydro- 
chloric acid diluted with four times its volume of water. 

This apparatus may be allowed to run uninterruptedly without any attention 
'after the gas-burner has been lighted and the supply of condensing water hasliieen 
Tegulated hy the tap. 

-It Ls -easy to arrange a series of parallel longitudinal heating burners under the 
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boUer, any number of which may be used: the amount of steam generated may 
thus be varied according to requirements. 

A removable plate screwed down on the top ol the boiler enables the incrus- 
tation to bo occasionally taken out of the boiler, or dissolved by acid diluted 
as mentioned above. 

A Modified Form of this Apparatus (Fig. 27) has been recently intro 
duced, in which the boiler forms the bottom of the steam-oven casing 
and is heated by a powerful longitudinal burner. The steam, after passing 
between and around the various ovens, is condensed in a special condenser 
which js seen above the steam -ovens and is described below. The condensed 
water flows into the store-jar down the pipe shown to the left of the figure. 
The overflow condensing water is taken away by the tub© shown on the right 
of the figure. 

The condenser is made of copper, thickly tinned inside. It is very efficient 
afid is readily cleansed. Its general construction is seen in the sectiOrial' 
drawing (Fig. 28). Th© steam enters through a wide opening below anrt 
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impinges upon the lower surface of the dome, which is kept cool by contact 
with the constantly renewed cold water on its upper surface. The distilled 
water formed by condensed steam is collected in an annular internal channel, 
from the bottom of which it flows through a tube to the storage-jars. 

6l. Drying above Steam-heat. — When a temperature higher than 100° C. 
is requisite for the desiccation of a substance, an air-oven (Fig. 29) is usually 

Fig. 29. 



The Hot-air Oven. 


employed. The oonetruction of the air-oven is almost identieal with that 

.f ’ t^-np-atu™. however. 

ukM the place of boiling water and steam within the jacket. 

> moe the walls of the oven are usually much hotter than the air inside 

u right-angles to the plane of the 

touchlv r “ lor the substance and keeps it from 

the boH ’ r?’ " * P'**®’ '«» in size than 

floor. ^ “pported about half an inch above the 

A thermometer passes through a cork in the top of the oven, and serves 

3 
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to register the tetnperaturo of the interior. Any requisite toinperaturo can 
be obtained by suitably regulating the stop-cock attached to the gas-supply. 

It will be found that, when once the flame ha.s been properly regulated, 
the temperature will remain fairly constant for several hours if a gas- 
governor has been introduced into the gas servico-p;pe. Gas -regulators are 
also sold by the instrument-makers for insertion into the oven, and these 
secure (ho maintenance of a constant temperature. 

Electrically heated itvens, with a large range of temperature, are nftw 
available. They may be connected to the oid inary electric-lighting supply. 
Another very eniciont form of oven is doscrihed in par. 1022, 

^riie quantitative estimation of water, free and combined, is described 
under the typical analyses (iSS^IQl)* 


62 . The Desiccator. — Substances which are too unstable to be dried by 
heat must bo more slowly dried by exposure at ordinary temperature to a 

dry atmosjflicro, or to drying agents 
in vacuo. Eor this ]nirj)oso tlie dosio- 
cators shown in Eigs. 30, 31, 32 may 
be used. 

Desiccators are also used for sub- 
stances which are hygroscopic and 
al).sorb moisture from the air after they 
have been dried by heat. They are 
thus prevented from remaining in con- 
tact with the moist atmosphere while 
they are cooling, or aie waiting to bo 
weighed. The deposition of moisture 
upon dried apparatus, which is stand- 
ing aside before it is weighed, may 
also bo prevented by enclosure in the desiccator. 

The desiccator is an air-tight vessel, the air in which is kept dry by exposure 
to a desiccating agent. Either sulphuric acid oc calcium chloride may be 
used os a drying agent. 

A small and portable form of desiccator (Fig. 30) is usually employed, 
because it is easily carried from the working-bench to the balance. It con- 
sists of a broad glass jar which is contracted in the middle. The lower portion 
contains the desiccating agent ; the upper portion incloses the body to be 
weighed. A circular piece of perforated zinc forms a bottom to the upi)or 
chamber, and on this a pipe-clay triangle or other support is laid. The body 
to be cooled and weighed is placed on this support. A flat lid is ground to 
fit accurately on the upper ground rim of the desiccator ; and this rim is 
lightly greased with lard, so that the lid may fit air-tight. 


Fio. 30. 
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A larger form of desiccator, which may be conveniently kept in the balance- 
room, is shown in Fig. 31. 

Fio. 31. 

63 . Drying in Vacuo.— Many 
substances can only be completely 
dried by exposing them in vacuo in 
the presence of a drying agent to 
absorb the water- vapour evolved. 

This method of drying in vacuo is 
also suitable for substances which 
decompose when they are heated. 

Substances which have been 
thoroughly dried may be kept for 
any length of time in vacuo without 
undergoing increase of weight, as 
they would do under ordinary con- 
ditions. 

A convenient form of desiccator 
for <irying in vacuo is shown in 
Fig. 32. The upper portion is 
removable and fits closely on the J 
lower portion by means of a 
ground flange. The joint is ren- The Desiccator. 

dered air-tight by carefully greasing 

the ground surfaces. The lower vessel is filled to the depth of about an inch 
with strong sulphuric acid. The acid may 
Fia. 32. be prevented from splashing by allowing pieces 




Vacuum Dissiooator. 


of broken pumice to float in it. 

The upper portion of the desiccator con- 
tains a tubulated stopper which carries a 
hook below for suspension. The upper por- 
tion of tho stopiicr is extended into a tube 
for connection with a Ficuss air-pump, an 
efficient water-aspirator, or with some other 
arrangement for obtaining a good vacuum. 


Solution of Solids. 


64. The Process of Solution must 
usually precede the arialysis of a solid substance. Several methods of 
performing this operation are described in this Section, 
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[65, 66 , 


In most cases it is essential that the solid substance to be dissolved should 
be in a fine state of division. It is powdered, if necessary, according to the 
directions already given in paragraph 56 . 


65 . A Substance which is Soluble in Water may be dissolved by mixing 
it with distilled water in a beaker, which is 
then placed on wire-gauze over a Bunsen flame 
(Fig. 33). If the contents of the beaker bump 
when they are heated, the water and powder 
should be stirred with a glass rod. In order to 
prevent loss of solution by spirting during 




eflervescence or ebullition, the beaker should 
bo covered with a clock-glass. 

66. If the Liquid is Boiled, or if 
Effervescence occurs, as is frequently the 
case during solution in acids, one of the 
following methods may be substituted for 
that described above. See also 74 a. 

(a) The substance is placed in a conical 


Solution of Solid. flask. The solvent is added through a small 


glass funnel (Fig. 34), which is loft in the 


mouth of the flask and serves to partially close it during the process of solution. 


Fio. 34. Fio. 35. 



Solution of Soud. 
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The lose of the liquid by spirting is thus prevented, and the escape of gas is 
not impeded. 

(b) Or the substance may be placed in a round flask, which is tiltea at an 
angle of about 45“ (Fig. 35). In this case the drops, thrown up by effervescence 
or by ebullition, will be retained by striking the inside of the flask, while 
gas will freely escape. 

67* Insoluble Substances.— A process which serves for the decompo- 
sition and solution of many .substances which are insoluble in water and 
in acids is described in paragraph 134 . 

68 . Material of Vessels used for Solution.— Care must be exercised 
in selecting vessels which will not be acted upon by the solvent during the 
processes of solution and evaporation. Glass, silica, porcelain, and in certain 
cases platinum vessels may be used for acid liquids. Porcelain, silver, and 
nickel vessels may be used for alkaline liquids : glass vessels are le.ss suitable, 
since glass is appreciably acted on by alkaline liquids, although it should 
be remembered that “resistance-glass” is much less affected than ordinary 
glass by solvents, and is usually also better able to stand sudden changes of 
temperature. 


Solubility of Solids. 

69. The Solubility of a Substance may usually be readily determin*ed 
by means of the following simple apparatus : 

The mouth of a thin-walled glass beaker-flask, about 250 c.o. in 
capacity, is closed with an india-rubber cork in which 
two holes have been bored. In one of the holes is (itted 
a short piece of glass tube bent at right-angles, the tube , 
passing just through the cork (Fig. 36), Through the 
other hole passes a piece of glass tube, also bent at right 
angles, and long enough to nearly reach the bottom of the 
vessel. The lower end of this tube is slightly contracted 
and is bent obliquely. 

i ho flask is now about two-thirds filled with distilled 
water, and it is then immersed, up to the level of the neck, 
in a large vessel containing water. This water must be 
maintained, by means of a suitable regulator, at the tern- Solubility 

perature which has been selected for determining the solu- Apparatus. 

bility of the substance. The coarsely powdered solid is 
then introduced into the flask in quantity more than would be sufficient to 
torm a saturated solution. 
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Tho rubber stopper is now inserted, and (he end of the shorter tube i« 
connected by rubber tubing with tho liigh-pressuro water-aspirator (8o) 
The stream of air-bubbles which is drawn by the as[)irator through tho liquid 
causes the solid and the water in the flask to constantly circulate, and 
to produce a saturated solution of the solid in about fifteen minutes. 

Some of tho clear solution may then bo weighed in a stoppered bottle 
(Fig. 5, p. 9), and the amount of solid matter dissolved in it may bo esti- 
mated either by evaporation or by precipitation, according to tho nature of 
the substance. 

Tho insertion of a plug of cotton-wool into the upper end of tho longer 
tube will servo to filter of! tho dust of the air„ and to prevent it from being 
introduced into the liquid : and the supersaturation of tho solution, which 
may arise from the evaporation caused by the passage of tho air through the 
solution, may bo prevented by saturating the air with moisture by allowing 
it to bubble through water on its way to tho flask. 

If high-pressure water cannot be used, suction may be obtained by 
blowing steam from a boiling flask of water through an aspirator (8o), or a 
special form of apparatus for producing aspiration may be used, such as that 
shown at {h), Fig. 68 (p. 104). 

If the solid to bo dissolved would undergo chemical change by exposure 
to oxygen, a stream of coal-gas or other inert gas may bo substituted for 
tho air current. If tho coal-gas is drawn from the ordinary service-pipes, 
it should bo freed from oxygen by being passed through at least three 25 cm. 
l3 tubes filled with pumice soaked in alkaline pyrogallato solution ( 863 ). 

Example. — Tlie method of calculating the Holuhilily of a .substance from the 
results of au actual experiment is given below : 


Weight of .solution + bottle . 
Weight of bottle . 

Weight of solution . 

Weight of .solid -f dish . 
Weight of evaporating -dish 


Gram. 

31-8910 


22-5100 

21-6110 

0-8990 


Accordingly 0 8990 gram of the solid has been dissolved by 

15-02.55 - 0-8990 = 14-7205 grama of water : 
Therefore the weight of tho solid which would I 0-899 x 100 
be dissolved by 100 parts by weight of water J 14-7205 


6-104. 


Experiment 12.— Weigh out roughly 30 grams of KCIO 3 , and pour this into 
the apparatu.s (Fig. 36). Pour in water until tho flask is about two-thirds 
filled, and pass tho current of air through the liquid for half an hour, tho 
flask being immersed in a vessel of water kept at tho requisite temperature. 
Filter oil the liquid through a dry filter-paper, rejecting the first portion of tho 



?o, n.] J:vai*oratiok by steam. 39 


filtrate, whieh will have boon partially deprived of its salt by the action of the 
filter-paper. 

Then collect about 20 c.c. of tlie solution in a weighed bottle (Fig, 6, p. 9)> 
insert the stopper, and weigh the bottle and solution. 

Now pour the solntioi\ from the bottle into a weighed porcelain dish, and 
rinse tlie bottle into the dish several tinni.s with small quantities of distilled water. 
FiVaiiorate this liquid to drync.s.s over the water-bath (71, 72). Then place tho 
dish in the steam-oven (60) for about twenty minute.s, allow it to cool in tho 
dcsitcatjr, and weigh it. 

'I'Ik^ necessary data are !iow obtained for calculating the weight of the solid 
which is ))res(mt in 100 grams of water, which has been saturated with tho solid 
at tho temperature of the exiHuiment. The procc.s.s of calculation in illustrated 
by the example given on ]). 38. 

Experiment 13. — A saturated .solution of crystalli.sod copper sidplmte, 
CuS0^.51Tjj0, is made as is directed in Exp. 12. But since copper sulphate lo.ses a 
part of its water of crystallisation when it is dried at steam-heat, tho true weight of 
the salt in solution cannot bo obtained by eva|)orating the weighed solution, and 
then drying the residue and weighing it as in tho case of KCIO3. After accurately 
weighing about 5 c.c. of the CuSO^ solution, tho Cu .should therefore bo completely 
precipitated and weighed, as is described in tho estimation of Cu (126). From the 
weight of CuO thus obtained, tho weight of (hiSO^.SH^O which was present in 
fi c.c. of this solution can be calculated, and tho percentage solubility of the salt 
can be found. 

Dictionaries giving tlu^ solubility of substances at ditferent temperatures should 
bo referred to in order to control the results (1021). 
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Ev.\roiiATioN OF Solutions. 

70. The Process of Evaporation serves either to concentrate a solution 
or to totally expel the liquid. Evapora- 
tion is usually effected by applying heat 
to the lijpiid contained in a basin made 
of porcelain, platinum, nickel, or silver. 

Occa.sionally a beaker or crucible is used. 


71. Evaporation by Steam.— The 
evaporation of a liquid is frequently 
conducted over boiling water upon a 
water- bath, steam being in this case tho 
beating agent. 

A simple form of water-bath is shown 
in Fig. 37. It consists of a copper vessel 
rather more than half-filled with water, 
and heated by a Bunsen burner. The 





Tht? Water- bath. 
upper portion can be fitted with 




40 EVAPORATION BY STEAM, [^ 2 , 78, 

flat sheet-copper rings of gradually diminishing diameters, and the top of 
the bath can thus be made to support vessels of various sizes. 

A more complex form of water-bath is shown in Pig. 38. In the upper 
Pm. 38. 



Tub Water-bath. 


surface of this bath there ajre holes of various sizes, designed to fit vessels of 
different dimensions. These holes, when not in use, are covered by lids as 
is shown in the figure. Both forms of water-bath should be fitted \^ith 
a constant water-supply, such as that represented in Pig. 26 (p. 28). 


0 When the vessel, in which the evaporation is conducted on a copi)er water- 
bath, is to be afterwards weighed, it .should 
.39. rest on a glas.s ring, sitice contact witli the 



Watbr-bath. 


copper edge is apt to stain it. The upper part of 
a beaker makes a suitable support of this kind. 
A beaker, the lower part of which has been 
cracked or broken, may readily be converted 
into such a ring-support, by leading a crack 
round it about an inch below the upper edge* by 
means of a hot wire. 

72. A Simple Water- bath may be improvised 
from a beaker partially fiUed with water and 
heato<i over a Bunsen burner (Fig. 39). A few 
small pieces of paper thrown into the water will 
prevent it from bumping during the boiling. 
The dish wiU rarely fit the top of the beaker so 
as to be steam-tight: if this should bo the case, 
some strips of paper may bo inserted. 


73 . Evaporation at Temperatures above Steam-heat.— When a tem- 
perature higher than 100 ^ C. is required during the evaporation, one of the 
following methods may be used: 


AND BY OTHER MEANS. 
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(a) The Sand-bath, — ^The vessel contdning the liquid may be placM on a 
eand-bath which is heated by a burner. The sand-bath is a shallot sheet-iron 
saucer or tray, which is covered with a layer of silver sand. A uniform heat 
can be applied to the bottom of the vessel, by placing it on the heated sand. 

(b) The Naked Flame. — The vessel may be heated directly over a naked 
flame, using preferably a rose burner for large vessels. The hot air arising from 
an Argand burner of the Wallace form also answers well (Figs. 57, 58, p. 57). 

In orilor to avoid the overlicating of the sides of a dish above the liquid by the. 
flame, tlie dish may be allowed to rest in a circular hole made in a metal or asbestos- 
cardboard sheet ; the sheet serves as a screen to the upper part of the dish. If the 


Fia. 40. 



dish is kept supplied with liquid, this method may be substituted tor the water- 
bath. 

(c) Wire-gauze, Asbestos, or Iron-plate as support. — The vessel may be 
■upported on wire-gauze, on a sheet of asbestos mill-board, or on an iron- 
plate. This last support is shown in Fig. 40. It is a convenient source of 
heat for evaporating a liquid in a beaker, since the rate of evaporation can 
be reduced by removing the beaker to a greater distance from the part of 
the plate which is directly over the flame. 

(d) The Air-bath, — Beakers may be conveniently heated in a copper air- 
bath. The bath is similar in shape to the water-bath represented in Fig. 38 
(p. 40), but is deeper and contains no water. It is heated by a ring burner 
placed beneath. The beakers are supported by their curved-over edges in the 
holes in the top of the bath, the holes being reduced, if necessary, by means of 
dat copper rings. The beakers are thus immersed in the hot air inside the bath, 

are exposed to a uniform temperature, which can be ascertained and 
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r^ulatcd by means of a thermometer, the bulb of which is situated l\alf-way 
down tbo inside of the bath. The air-bath may be employed not only for 
evaporating solutions in beakers to dryness, but also for drying at a parti 
cular temperature the residue which is left on evaporation, 

74. The Following Precautions should be observed during Eva- 
poration : 

(a) If elTcrvescence occurs during evaporation, a tilted flask (Fig. 35, 
p. 30) may be used tt) avoid loss by spirting. Another plan is to use 
an evaporating - dish, and to cover it with 
a largo inverted funnel, as is shown in 
Fig. 41. 

(b) Vigorous ebullition must not be allowed 
to take place in an open vessel, as this would 
lead to a loss of substance by spirting. The 
means of preventing loss from this cause are 
the same as those described under (a). 

(c) If the evaporation of a solution is 
conducted over a naked flame or over a sand- 
bath, the vessel should, if possible, be trans- 
ferred to a water-bath towards the end of 
the ))roce3S. This is advisable, because when 
a li(pjid is rendered thick ami piusty by the 

se[)aralion of solid mailer, it is apt to spirt considerably even when it 
is heated below its boiling-point. 

(d) Frequently the li(juid creeps up the sides of the vessel during evapora- 
tion. This is particularly the ease with solutions containing ammonium 
salts. The evaporation in these cases should bo carefully watched, and tho 
incrustation which forms near tho edge of the vessel should be detached and 
pushed down by means of a glass rod. If tho inner edge of the vessel is 
lightly greased, tho ascent of tho liquid will bo prevented. If tho liquid i^^ 
heated from al)ovo (Fig. CO, p. 58), tho a.scent of tho solution may also be 
prevented ; an example is att'orded in tho estimation of Na as NajSO^ (I70)* 
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Precifitation from Solution. 

75. Precipitation is effected by converting a substance which is in sohe 
tion into an insoluble form. Tho process commonly involves a change in the 
composition of tho substance. A substance is usually precipitated in order 
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to obtain it in a form in which it may be collected and weighed, but the process 
is also applied to effect the separation of bodies from one another. 

Precipitation is usually performed in a glass beaker ; but if strongly 
alkidine liquids are used, which would attack glass, a vessel of porcelain o! 
platinum is preferable. 

Precipitation is usually most rapidly and completely effected in hot liquids. 
If the solution is boiling, it should bo contained in a beaker covered with a 
clock-glass, or in a flask inclined at a suitable angle, so as to prevent loss by 
spirting (65> 66). After the addition of the preci[)itant the liijuid is well 
stirred, and is usually allowed to stand for .some time U* ensure complete 
precipitation. The formation of the precipitate in a granular condition 
tends to facilitate filtration. 

Some precipitates form rapidly, and being flocculent may be fdtered off 
at once. Fe(()H)j and Al(On)., are of this de.scription. 

Agitation frequently avssists precipitation. For instance, the complete 
|)rccipitation of Mg as MgNIl 4 P 04 .Clf 20 will recpiiro several hours under 
ordinary conditions, whereas it may be effected in a few minutes by the 
violent agitation of the liipiids. 

In most cases of precipitation, the addition of a large excess of the preci- 
pitant should be avoided, but the presence of a slight excess is requisite in 
order to ensure the completion of the proco.ss. 

d'ho presence of excess of the precipitant should be always proved. This 
is usually effected l)y adding a few drops t)f the precipitant solution to the 
clcai' li(piid from which the precipitate has subsided. The clear filtrate should 
bo subsc(piently tested in the same way as a safeguard. In neither case 
must any further preci[)itation occur. 

It is advantageous that reagent solutions should bo of normal or some 
multiple or sub-multiple of normal strength, and that each solution should bo 
labelled with the volume necessary for the exact precipitation of a certain 
Weight of the substance to bo precipitated. This enables the analyst to avoid 
adding an undue excess of the reagent, and ensures complete precipitation. 

When a liquid is to bo transferred from one vessel to another, that [*art 
of thq outside edge of the vessel over which the liquid will bo poured should 

slightly greased. The li<tuid should then bo poured down a wet glass rod 
la csscd against the edge of the upper vessel (Fig. 42, p. 45), and the lower end 
"I the rod should touch the liquid surface, or tho inside of the vessel into whicb 
tkc litiuid is being poured. These i)recaution3 prevent tho liquid from running 
flown the outside of the upper vessel, and from splashing as it falls into the 
lower vessel. 

Experiment 14.— Partially fill a weighirig-bottlo (Fig. 5, p. 9) with pure 
feoiystalliHod potash alum, AlKfSOJj,. 1211,0, in a powdered condition. Carefully 
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weigh the bottle. Then shake out about 1 gram of the salt into a 600 o.c. 
beaker, and carefully weigh the bottle again. The difference between the two 
weighings will give the weight of the salt which has been transferred to the beaker. 

Dissolve this salt in about 100 c.c. of distilled water, which contains a little 
dilute HCl ; add some AmCl solution to cause the precipitate to form subsequently 
in a granular condition, and heat the contents of the covered beaker to boiling. 
Then heat about 50 o.o. of BaClj solution to boiling, and add the greater part of 
this to the contents of the beaker. A granular white precipitate of BaSO^ will 
form, and will quickly subside. ‘ 

More BaCl^ solution should be dropped into the clear li(iuid, to see if the preci- 
pitation is complete. As soon as this is the case, the covered beaker and its contents 
may be put by for Ex|)oriment 10 ( 77 ). 

Experiment 15. — Weigh accurately about 1 gram of AlK(SOJj,.12HjO into 
a 600 c.c beaker. Dis-solve the salt in water, heat the solution to boiling, 
and add AmHO solution in alight excess. A white gelatinous precipitate of 
A 1 (()H )3 will form. Boil the liquid until the smell of ammonia has almost dis- 
appeared, then put by the oovered beaker with its contents. 


Filtration and Washing of Precipitates. 

76 . A precipitate is separated from the liquid in which it has been formed, 
by passing the liquid through a suitable filter-paper. The papers which are 
commonly used are 9 or 11 cm. in diameter. 

Note. — The filter-paper will usually be burnt at a later stage, and the weight 
of its ash will then be deducted in order to obtain the true weight of the ignited 
precipitate. The paper should therefore contain the least pos.sible weight of 
mineral matter or ash. The best quantitative filter-paper is usually called “ ash- 
less ” ; it has been treated with hydrochloric and hydrofluoric acids and then 
thoroughly washed, in order to remove miueral matter : an 1 1 cm. filter of this 
description will leave less than 1 milligram of ash when it is burnt. 

In certain ca.sc.s, however, the filtration is effected through a dried weiglicd, 
ox taxed filter, and the weight of the filter is subsequently deducted from the weight 
of the dried filter and precipitate ( 86 ). 

The operations of filtration and decantation are usually combined in the 
following manner; The precipitate is allowed to settle; most of the clear 
liquid is then decanted off through the filter-paper without disturbing the 
precipitate (Fig. 42). After the liquid has been decanted through the filter, 
a fresh quantity of distilled water, or other washing liquid, is poured upon 
the precipitate, and the contents of the beaker are stirred or boiled. The 
precipitate is then allowed to subside, and the clear washing liquid is decanted 
off through the same filter. These operations are repeated several times 
with fresh portions of distilled water. Finally the precipitate is transferred 
to the filter-paper by means of the fine stream from the wash-bottle ; the 
removal of the precipitate being assisted, if necessary, by the use of a glaa^ 
rod, tipped with about an inch of tightly fitting smooth india-rubber tubing* 
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The washing of the precipitate and of the filter is then completed by the 
stream from the wash-bottle. 

If part of the precipitate adheres firmly to the interior of the vessel, it 
Fio. 42. 



Filtration. 


may generally be removed by rubbing it with the rubber end of the glass rod. 
Occasionally it must be dissolved and reprecipitatod in the vessel. 

Iho rubber- tipped end of the glass rod should not be introduced into the 
liquid until the main precipitate has been removed to the filter, since the preci- 
pitate is likely to find its way between the glass and the rubber, and to be retained, 
unless the end of the rubber has been closed so as to form a cap. 


Fio. 43. Fio. 44. 



Wash-bottlb. Valvb for Wash-bottlb. 

A Convenient Wash-bottle is shown in Fig. 43. It consists of a 600 c.o, 
onical flask fitted with an india-rubber cork and tubes in the ordinary 



46 rHEfiAlITTONS DTIETNO FILTEATTON. [77, 

way. The jet, liowcver, is movable, sinee it is atla<heil by india-rubber tubing. 
I'his enables the stream of liquid to be projected in any direction. 

When Boiling Water, or a Liquid which gives off Vapour or Gas, is 

used in the wash-bottle, a special stopper, shown in Fig. 44, should bo used, to 
prevent the gas or vapour from entering the mouth. 

The stopper is jauforated with three holes. Through the centre hole is pvishcd 
a short glass tul)o {a) which terminates just alove and just below the stopj^r. 

The other holes carry the jet (h) and blow-tul)C (c-), as in the ordinary bottle. 
The lower enil of the blow-tube, however, is titted with a valve by slipj)ing over it 
a ])ieeo of i iihl^er tube, which has a slit cut in it as is shown at (c), and is closed 
by a piece of glass rod. 

While the w'ash-botthi is being used the tube {a) is closed by the finger, and 
air is blown in through the valve (r). The valve (c) prevents the air from returning 
throiigli the blow-tuhc, and no vapour or gas can therefore make its way into 
the mouth. As soon as the washing is finished, the finger is removed from («) 
and the stream of li<iuid is thus at once stoi>ped. 

77. The Following Precautions should bo observed during filtration 
and while the precipitate is being washed on the filter-paper : 

The filter should be as small as is consistent with its holding the jueei- 
piiate and a sufficient (piantity of washing liquhl. It must fit closely to tlie 
funnel, and tlic overlapping parts of the paper must bo pressed together by 
the finger so that the precipitate cannot got Imtwcen them. 

The end of the stem of the funnel should be cut or ground down to an angle 
of 45'’, and the tip should touch the inside of the vessel into which the filtrate 
passes. I’his arrangement not only prevents splashing, but hastens filtration. 

The liquid should never fill the filter ; but the uj)por edge of the filter must 
be carefully washed with the stream from the bottle. 

The total amount of washing water used shouhl be as small os possible, 
since no precipitate is absolutely insoluble, and because the washing should 
be accom])lished in the smallest spjaeo of lime possible. Amorphous and 
gelatinous procipitaios re(iuiro more prolonged washing than those which aru 
crystalline and granular. 

The washing liquid should bo allowed to drain away completely from tho 
filtcrjieforc a fresh portion is ad<lcd. 

The i)recipitato should not rise more than half-way up the filter-paper. 

If the washing liquid is distilled water, it should be used hot when per- 
missible, as hot water passes through the filter more rapidly than cold water 
does. 

Iti all cases the final washing water froni the filter should be tested to 
prove that all soluble matter has been removod. This may bo ascei taiuod by 
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applying a delicate test for the substance which is being removed by tlie 
washing process. 

Experiment 16. — The precipitate of BaSO^ (75« Exp. 14) may be wa.shrd by 
j)()iuing olT the supernatant liquid tlmough the filter, taking care that no preeipitate 
is poured off witli the liquid. The precipitate is then stirred up and boiled three 
times in succe.ssioii with fresh portions of hot water, the precipitate being allowed 
to subside after each addition of water, and the supernatant lif|uid being ponred 
off through the filter- paper. 

Finally the precipitate Ls transferred to the lilter in the manner already 
described. The washing is then continued on the iilter, until the addition of 
AgNO., solution to the last few drops of the washing water no longer gives any 
turbidity. This precipitate is reserved for the further treatment which is desciibcd 
in Experiment 18 ( 85 ). 

Accelerated Filtration. 

It is often desirable to hasten the processes of filtration and of washing. 
Tlds is especially the case when a flocculent precipitate Ls being dealt with. 

78. Acceleration by Lengthened Funnel- tube.— One <>f the .simplest 
means of increasing the rate of filtr.ation is to attach to the funnel an ordinary 
glass tube, bent as is shown in Fig. 4r). As 
Soon as the filtrate has filled the tube, the 
weight of the column of liquid tends to draw 
the liquid through the filter, and the rate of 
filtration is accordingly increased. 

Another simple method is to attach to the 
funnel a straight piece of thick glass tube about 
two feet in length and only one millimetre in 
boro. The liquid passes down the tube in a 
nearly unbroken column, the weight of which 
tends to draw the liquid through the paper. 

In order that these methods may bo effective, 
it is necessary that no air shall pass through the 
filler, and that the nock of the funnel and the 
attached tube shall remain filled with water 
throughout the process of filtration. In order (o 
insure this, the filter-paper must be fitted into the 
funnel with great care, and must bo proved to bo 
Jur-tight by pouring distilled water through it. If Accelerated Filtration. 

8ir i.s drawn through between the glass and the 

paper, gentle pressure of the finger on the moist paper will usually prevent this 
leakage by bringing the paper jiermanently into contact with the funnel. 

79. Acceleration by Filteijpump.— The most rapid filtration, however, 
iu secured by reducing the atmospheric pressure beneath the funivlt The full 
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atmosphorio pressure, being still exorlcd on the surface of the liquid in the 
filter, forces the liquid through the filter. 

Th^ pressure thus brought to bear on the filter may be greater than ordi- 
nary paper in the wet condition can support. It becomes necessary, there- 
fore, either to use specially prepared toughened filter-paper, or to support 
the ordinary paper in a suitable way (8l), so as to enable it to withstand (he 
pressure. Another means of obtaining a sufficiently resistant mediutn is to 


Pro. 46. 



Accxlsratbd Filtratioh. 

produce a filter trom fine asbestos fibre in the manner described in paragraph 

82. 

If filter-paper is used, it is fitted as follows : A funnel is selected, the 
sides of which inclose an angle of 60®. The muslin, platinum or porcelair 
cone, if required (8l, b, c, d), is placed in the funnel ; and then a dry filter 
paper, folded in the ordinary manner, is inserted. The filter-paper is pressefl 
with the finger until the supporting muslin or platinum and the paper fit the 
sides of the funnel closely : and while it is thus held in position, the filter ifl 
wetted by pouring in a little distilled water. The overlapping edges of the 
filter-paper are pressed down by the finger, and any air-bubbles between the 
funnel and the paper are also carefully removed by pressure. 

The funnel is then fitted by means of a perforated rubber stopper into th« 
neck of a clean/ strong, conical filtering-flask, of about 760 o.a capacity. 
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The flask is placed in connection with an e.hansting‘:;;;;;,g;;^;^~ 
a su, table water-asp.rator (8o). by means ot the side-tube in it, neck (?ig. 4 ^ 

For convenience in withdrawing the liltrate or washina, during tt.. m. .■ ' 

.t will often be found convenient to substitute a vessel, prLided with a ^0^ i 
stop cock below, for the filter-flask. The buttcr-flask “ ^ 

(F.g, !(7, par. 688) may be used for this purpose. Or 
an ordinary separating-funnel (f. Fig. 47) may be em. 
ployed. The vessel is fitted, as is shown in Fig 47 with 
a branched tube, one branch (6) being connected wijh the 
filter. pump and the other(a) being provided with a stop- 
cock for the adnimsion of air into the vessel. The filtra te 
can be allowed to flow out from this flask at any time 

and "f) («) ( 


Fio. 47. 
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Before the filtration is started, it is well to fill 
the filter with distilled water and to start the m- 
haustion of air from the flask, in order to ascertain 
that everything is in working order. It any air is 
seen to be sucked down between the filter and the 
funnel, this may be stopped by gently pressing the 

nuustened edges of the paper against the funnel p 

The exhaustion should be started gradually, since 
^ •0 particle, of some precipitates may be easily drawn through the paper at 

During the filtration and washing, liquid should be constantly poured 

" are anrt! r”“-‘’'*K 

are apt to form m the mass of 4he preoipitote. If this should 
cur, efficient washing becomes impossible, since the water ceases 
to pass through the whole of the precipitate. 

The operation of washing gelatinous precipitates is very much 

g the precipitate for a few minutes after the washing-wator 

the"s7" "Tuired for drying the precipitate in 

the steara-oven la considerably lessened. 

wato as3rato?®7u®‘’ convenient form ot 

is sitn filter-pump is that invented by Geissler (Ficr. 48) 1 1 

CiE'ssLER of sto'irhidlf * high pressure water-supply by moans 

rnKK? T ^ Withstand the pressure of the water Thl 

"" and to the^spiVator*^ ^ beU-wire to the 

PPor vertfcaltuU^* chamber In the upper part The 

' fabitt^terz f: «~d »d 

opening immediately below it. During its tree pawag., ,ft„ 
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leaving the jet, the water draws air from the chamber and carries it away through 
the lower vertical outlet tube. Air is thus drawn through the side horizontal 
tube, and any vessel which is placed in connection with this tube will consequently 
be gradually exhausted of its air. 

The side-tube of the liltcr-pump is connected with a tube which passes to the 
bottom of a sniall two-necked bottle (Fig. 40). T'he other tube of this bottle 
passes just through the cork in the second neck, and is connected by rubber tubing 
with the side-tube of the fdtering-flask. 

The two-necked bottle serves to i>revent any tap-water from the aspirator from 
finding its way back into the filtering-flask. When tlie water-supply is suddenly 
checked, the water from the aspirator is drawn back through tlie side-tube by the 
partial vacuum ; but instead of entering the fdtcriiig-llask, it is received by the 
two-necked bottle. T’he water is thus prevenk'd from mixing with the filtrate 
in the flask. As soon as the pump ia again started, the water in the bottle is 
rapidly sucked out. 

A current of steam from a vessel of boiling water may bo blown down the top 
tube of the aspirator, instead of using high-jiressure water for producing suction. 

8l. Special Filter-paper, and Supports for the Filter, when the filter, 
pump is employed, arc de-scribed below. 

(a) Thin Toughened Filler-papers can now be obtained, which will satisfac- 
torily withstand the atmospheric pressure when it is brought to bear on them. 

(b) Toughened Paper, or Mudin Support.— Jt ordinary untoughened filter-paper 
is used, it may bo most simply supported at the conical point by means of a small 
toughened paper cone or filter dropped into the funnel, or a .small circular piece of 
muslin may bo folded like a filter and placed in tlic funnel ; the filter-paper is then 
folded and pushed into position over this suiiport. 

(c) Platinum Cone Support.— Hho apex of the untoughened filter may also 
be supported by a platinum cone. To prepare thi.s, a piece of platinum 

foil, 4 cm. long by 3 cm. broad, is pierced a little 
below its middle point by a pin (Fig. 49). A cut i.s 
made from the middle of the longer edge to this hole. 
The corners are then removed by cutting with scissors round 
the segment of an inscribed circle, whoso centre is the pin- 
hole, a.s is shown by tlic dotted line. The foil is annealed 
by being heated to rcdnc.ss ; it is then folded into a cone 
with the pin-holo as an apex, and is adjusted to lit into the 
funnel. 

Platinum Support. 

(d) A Perforated Porcelain Cone Support may bo used with 
eithei*’ a paper filter or with an asbestos filter prepared on tho Gooch plam as is 
explained in paragraph 83. 

82. The Gooch Method of Filtration through an asbestos filter is very 
convenient and expeditious. Tho filter is made immediately before use 
either in a suitable crucible or in a porcelain cone. If the crucible is used, 
it presents the advantage that tho precipitate can be filtered, washed, dried, 
and ignited in the crucible ilw 'f 


Fio. 49. 
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The platinum or porcelain crucible (Fig. 60) has a number of small per- 
forations in its bottom. A platinum cap may be fitted upon the bottom of the 
crucible during the processes of drying or igniting the precipitate. The 
porcelain crucible must be used for those pre- 
cipitates which attack platinum at a high 
teni[)eraturo. 

The filtration is elTcctod through an inner — 

lining of asbestos-felt which is introduced 
into the bottom of the crucible. 

The crucible is prepared for use in the 
following way : 

A short piece of broad rubber tubing is 
stretched over the mouth of a funnel which Goocn Crucibob. 

has been fitted into a filtcring-tla.sk in the 

ordinary manner (Figs. 46, 47). This is shown in Fig. 50. The crucible is 
inserted in the rubber ring formed by the free end of the tube (Fig. 51). 

Some silky, fine-fibred asbestos is then mixed up with water containing 
some hydrochloric acid by rubbing it with a pestle in a mortar, and the water 
containing the suspended asbestos is stored for use in a bottle. 

Some of the freshly shaken liquid is poured into the crucible, and the 
filtcr-pump is started slowly. The asbestos will at once form a firm, com- 
pact felt, which covers the perforated bottom of the crucible. The felt 
is washed with water, and is made as dry as possible by drawing air 
through it by means of the pump. The crucible is then removed from 
the rubber, its bottom is covered with the cap, and its weight is carefully 
taken after it has been dried ( 84 ), and ignited (pO-pS)* *^od cooled in the 
desicc.-ilor. 

It is well to subject the crucible containing the a.sbc,stn9 
to a further washing, drying, and weighing. The weight 
should remain unchanged by this treatment. If the weight 
i.s reduced, this proves that some of the asbestos has been 
wa.shcd through ; it then becomes necessary to repeat these 
operations until the weight remains constant. 

A precipitate is filtered and washed in this crucible 
in the same way as in a filter and funnel, and it may 
afterwards be dried and ignited without being removed 
from the crucible. 

A porcelain perforated crucible containing the 
dried precipitate may bo placed within a larger por- 
<'elain crucibh! supported by an asbesto.s ring, and a gentle heat is then applied 
fit first, and the ignition is finished at a high temperature if necessary ( 98 ). 


Fig. 61. 


r I 



CRuerfluK Filter. 
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83 . A Perforated Porcelain Cone may be used for the rapid filtration 
of a gelatinous precipitate which is to be subsequently dissolved from the 
filter and is not to be dried and weighed. 

It is fitted into the funnel by means of a rubber band in a similar manner 
to the crucible (Fig. 52). The pressure of the air, when the pump is in action, 
forces the overlapping part of the rubber 
Fig. 52. Pand down, and thus forms an air-tight 




joint. 

The cone is then filled with asbestos 
suspended in waiter, and when the pump 
is started the asbestos forms a firm film, 
which covers the perforations of the 
cone. 

The cones are made of various sizes. 
They may be used either with an asbestos 
film or with an ordinary paper filter. 


Gooch Filter-conb. Experiment 17. — Transfer the liquid 

and precipitate of A 1 (H 0)3 ( 75 , Exp, 15) 
to a filter- jiapor fitted into a cone support ( 81 ) in a fumud wliich is connected 
with the filter-pum]). Wash with .successive quantities of hot water, until the 
wa.'shing-water as it leaves the funnel no longer turns turmeric-paper brown. 
Afterwards continue the washing, until the last few drops of the washing-water 
give no precipitate when they are boiled with BaCL-solution and allowed to stand 
for a few minutes. Reserve the precipitate in the filter for further treatment. 


Drying PRECiriTATES. 

84 . TIjc filtered and washed precipitate must now bo dried and weighed. 

The precipitate may generally be dried in a filter of unknown weight ( 85 )* 
The dry filter is then burnt, and the ignited precipitate is weighed together 
with the ash of the filter (I0I-I05)* Thoweiglitof the filter-ash is usually 
BO small as to be negligible : but if it alTccts the result, its amount must he 
determined ( 89 ) and subtracted from the total. 

It is, however, sometimes necessary to directly weigh the dried filter 
and precipitate. The filter-paper alone must for this purpose be dried at 
100®-110® C. and weighed : the filter containing the precipitate is then dried 
at the same temperature and weighed, and the weight of the precipitate 
is found by difference ( 86 ). 

A special method of procedure must be adopted ( 87 ) when the precipitate 
requires to be heated above 110 ® C. in the process of drying, since the filter 
would be charred if it were heated above that temperature. 
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85. The Filter and Precipitate are Dried at 100“ 0., for subsequent 
Incineration of the Filter, as follows : The funnel containing the filter and 
precipitate is covered loosely with a filter-paper, so as to exclude dust, and 
is then placed in the steam -oven ( 59 ). The funnel is usually supported on 
a shelf which is perforated with holes to receive the stems 
of the funnels : but a truncated tin cone (Fig. 63), or any 
other suitable arrangement which allows the healed air 
to circulate freely around the funnel, and to heat and dry 
the lilter and precii)itate, may be adopted. 

Experiment 18. — The washed preeipitatc.s of BaSO^ and 
of Al( 110 ^) 3 , from Experiments 10 and 17 (pp. 47, .62), are dried 
in the above manner. 

86 . The Filter and Precipitate are Dried at a 
Temperature not exceeding iio“ C., and are then Fieter-drvek. 
Weighed without further Treatment by one of the 

following methods (a, b). Of tliese the first is the usual method of procedure, 
but the second is sometimes adopted because it can be more rapidly carried 
out. 

(a) If the precipitate requires to be dried at 100“ C,, the steam-oven may 
be used ( 85 ). If a temperature higher than 100“ C. is requisite the air-oven 
( 61 ) is substituted, but in this case the temperature must not exceed 110“ C. 
else the paper will be charred. 

When a number of filters have to be dried at the .same time a special air-bath 
of the general shaj'e shown in Fig. 38 (p. 40) will be found convenient. It is 
closed above by a flanged lid provided with dir outlets and carrying a thermometer ; 
there are air inlets below, and midway in tlie interior is supported a metal frame 
carrying cross-wires at right-angles to one another, and in the scpiares tlius formed 
the funnels are supported. 

In all cases the weight of the dried filter, which is to be used in the filtra- 
tion, must first be ascertained. If the liquid which will pass through the 
filter-paper is likely to extract any constituent from it, the paper should first 
be treated with this liquid ; but paper already prepared in this way can 
usually be bought. 

In order to dry the filter, it is folded ana placed in a small beater, or in 
‘mo of the filter-tubes (Fig. 6 , p. 9), or upon one of the watch-glasses with 
clip (Fig. 7 ). The vessel containing the filter-paper may then be placed on 
tlio floor of the steam-oven. If the air-oven is used, the vessel should be 
placed on a tripod, made of a pipe-clay triangle or other non-conducting 
material, and must not rest directly on the metal floor of the oven. If 
this is not attended to, the temperature of the filter may become much higher 
than that registered by the thermometer inside the air-oven, since the heat 
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will be conducted directly from the hot floor of the oven to the glass and 
filter. The filter would then become charred. 

After the filter-paper has been in the oven for about an hour, it is taken out 
and the beaker is at once covered with a watch-glass, or the paper is quickly 
inclosed in the tube by pushing over it the second tube, or it is clamped 
between the watch-glasses. It is then allowed to cool in the desiccator, and 
is weighed when it is cold. The difference between the weight of the empty 
glasses and that of the glasses -\- filter gives the weight or iare of the filter. 

1 ’lie precipitate is next transferred to the filter in the funnel and is w ashed 
and dried as has been already described (76--84). The filter and precipitate 
are finally allowed to cool in the glasses, and are weighed while thus inclosed. 

In order to make sure that the filter and its contents arc perfectly dry, 
the cover-glass is removed and the drying process in the oven is repeated for 
twenty minutes. The filter is then covered, transferred to the desiccator, 
allowed to cool, and weighed again. These operations are repeated until 
two consecutive weighings do not differ by more than one milligram. From 
two to three hours usually suffice for drying a filter and precipitate in thia 
way. 

The weight of the precipitate is then obtained, by subtracting the 
weight of the glasses -i- filter from the weight of the glasses + precipitate -f 
filter. It would appear from this that it is not necessary to know tlie 
weight of the filter itself ; it is, however, advantageous to know this, in 
case the glasses should bo broken before the final weighing has been taken. 

(b) Another Method consists in drying two similar filter-papers in the way 
already described, placing tlumi on separate scale- pans, and then adjusting them 
to jirecisely tlio same w'eight by trimming the lu^avicr one with scissors. One ut 
tliese filters is then placed beneath the other in the funnel during the processes of 
filtration, washing and drying. The lower filter is now removed and is placed, 
during the weighing, upon the pan with the weights, and serves as a counterjioise 
to the filter which contains the precipitate. The weight of the precipitate is thus 
obtained directly by the one weighing. 

87. When the Precipitate requires to be Dried at a Temperature 
above iio“ C., and to be Weighed without further Treatment, the 
weight of the filter dried at steam-heat is first determined ; and the weight 
of the filter and precipitate, after being dried at 100 ® C., is next 
ascertained ( 84 ). 

Then a portion of the precipitate is removed from the filter to the watch- 
glasses (Fig. 7, p. 3) and is weighed. This portion is heated to the required 
temperature for at least thirty minutes, then cooled in the desiccator 
and weighed ; and these processes are rej)cated until the precipitate 
ceases to lose in weight. From this result the weight which the whole 
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j)recipitato would possess, when dried at the higher temperature, can be 
calculated. 


loKiTiON OF Precipitates. 

88. After the precipitate has been dried { 85 ) it is usually ignited and then 
weighed. 

If filter-paper ha.s been used, it is burnt, and the weight of the ash, if 
a]il)recial)le, is subtracted from the total weight of the ignited precipitate 
and filter-ash. The ignition of the precipitate may in some ca.<;es bo com- 
bined in one operation with the incineration of the filter (99, 100) ; but the 
two processes must be .separately conducted if the composition of the preci- 
pitates is affect cd by the burning paper (I0I-I05)* 

The Oooch asbo.stos filter will not in any ca.so rc<]uire this separate treat- 
ment. I'lie crucible containing the dried asbestos filter and precipitate can 
be ignited as is described in paragraphs 99> 100, disregarding the directions 
for dealing with the filter-paper. 

89. The Weight of the Filter-ash is usually less than a milligram., and 
is negligible, but it is well to determine the average weight of the ash of a 
filter-paper of each size which is in use. This may be found as follows ; 

Six of the cut llltcr-paper.s are selectt'd from different parts of the packet, or 
six circular filter-papens are cut of procisedy the same size from different sheets of 
tli(' pa[)er. 'I’Ik'sc are carefully folded and burnt, one by orn\ to a perfectly white 
ash in a weighed platinum crucible. 'J’lio crucible containing the ash is then 
weighed. The total weight of the ash thus obtained, when divided by six, will 
give the average weight of the ash from one filter-paper. 

90. The Vessels used for the Ignition of precipitates are crucibles or 
capsules made of platinum, silver, nickel, porcelain, or fused silica, 

A Platinum Vessel should be u.scd whenever it is penni.ssible from 
consideration.s of suitability and cost. Platinum is attacked by fused caustic 
alkali, and silver or nickel vessels should be employed for fusions with 
caii.stio alkali : but these vessels are not suitable when they have to be 
weighed after the fusion, as they undergo change in weight. Caution 
raust also be used not to heat silver vessels too strongly, as they are 
relatively easily fusible. 

A thin platinum ve.sscl can bo more rapidly and uniformly heated than 
one made of porcelain, and it is not fragile ; it resists the action of a coaJ-gas 
flame better than nickel does, and it is practically infusible. A crucible 
3 cm. in height and 3 cm. in diameter will bo found conveniout for most 
Pnrimsos (Figs. 69, CO, p. 58). 

A suiall open platinum dish or capsule (Figs. 57, 58, p. 67) will often bfl 
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found more convenient for the ignition of substances than a platinum crucible. 
The dish may be about 5 cm. in diameter, and have an extreme depth of 
about 2 cm. 

The clean empty crucible or capsule should always be heated to redness, 
and then cooled in the desiccator and weighed, before it is used. 

Porcelain Vessels are much less costly than platinum vessels, and may 
be used for the same purposes as platinum : they are rapidly attacked by 
fused caustic alkali and by fused lead oxide, and cannot be rapidly heated 
and cooled without risk of fracture. 

Fused Silica vessels can be broken by a blow but not by rapid 
change of temperature. They may be used for acid substances, but 
not for fused or dissolved alkalis or even for strongly basic solids such as 
PbO and CaO. They are practically infusible, and the loss of weight whicli 
they undergo by u.se and tleansing is less than with platinum, while the 
weight for equal capacity is about the same. 

91 . A Platinum or Nickel Crucible or Capsule may readily be Cleaned 
by rubbing the metal with the moistened finger, which has been clipped into 
wliiting, crushed pumice, or Bea-.sand. If sand is used, it should be examined 
through a lens before it is used for this purpose : if the grains uro seen to be rounded 
and jiebblc-liko, the sand is suitable ; but if they are angular the sand should bo 
rejected, since it would scratch the metal. 

If the stains cannot be thus removed from the surface mechanhially, a little 
KHSO^ may be fused in the ve.s8el. The sulphate, when cold, is removed by 
boiling it with water, and the dull surface of the platinum is finally polished by 
rubbing it with whiting, piunicc- powder, or sea-sand. 

92. Prevention of Reduction or Oxidation during Ignition.— When a pio- 
cipitate which can suffer reduction or deoxidation is being heated, care must 

Fig. 66 . 

Ignition in Gas. 

be taken that the flame does not come into contact with the interior of the crucible, 
else reduction of the substance may take place. This is best avoided by applying 
a small flame to the bottom of the crucible, and slanting the crucible (Fig. 60, p. 68). 

When, on the other hand, oxidation during the ignitipn of the precipitate must 
be avoided, air is excluded by passing a current of dried coal-gas or hydrogen 
constantly through the crucible. Rose’s perforated lid and flanged porcelain 


Fig. 64. 



Thk Rosb Crucibl*; 
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tuJjo (Fi- i>l) may be used for this purpose. A slow stream of gas is conveyed 
in<o the oMicible by the tube, and escapes from beneath the lid. 

An inverted clay tobacco-pipe, of suitable size, may replace Rose’s lid and 
tube: the stem of the pipe serves as the gas-tube, and the inverted liowl takes 
the i>lace of the lid, as is seen in Fig. 55, 


Fig. 50. 


93 . The Crucible is usually Supported upon a pipe-clay triangle 
(Figs. 50, 58, 59, GO), or upon a triangle made of stout platinum wires twisted 
together (Fig. 57). Triangles are now made with fused 
silica coverings to the wire in place of |)ipo-clay. 

Tlie pipe-clay triangle should have a projecting erJge 
in the middle of each sid(> (Fig. 5G). This enables the 
tlaine to pass between the erueibleand the triangle, and 
seemes a more uniform heating of the crucible ; it also 
strengthens those parts of the triangle which are most 
subject to wear and breakage. 

'1 he t riangle is usually supported over the flame by 
a tripod-stand (Fig. 59), or by the ring of a retort-stand 

(iMg. ()0, p. 58). Occasionally the burner itself serves to support the triangle 
(I^igs. 57, 58). ^ 



Pipe- CLAY 
Tiuanqlb. 


94 . The Temperature and Duration of the Ignition will vary with 

the nature of the precipitate. 

In all ca,sos the heat should be applied gradually. This is espeeiall/ 
necussary alien tlie siibslance w imperfectly powdered, when it is not per. 
ict y ( ry^ ,,r when it is in the form of a very light powder. 


Convenient Method of Igniting Precipitates at a comparar 
e y ow Temperature is shown in Figs. 57. 58. The crncible U placed 
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upon a triangle which rests upon the chimney of a Wallace- Argand burner, 
the gauze top of which has been removed. When the gas, issuing from the 
ring at the bottom of the burner, is kindled and is checked sufficiently by 
the tap, a current of heated air plays against the sides of the crucible ; the 
crucible thus becomes uniformly heated without being soiled by contact 
with the flame. Any temperature up to a red-heat may be imparted to the 
crucible or capsule in this way. 


Fit:. 59. 



Ignition in Pohoblain Cruciblh. 

96. The Ordinary Method of Ignition by means of a Bunsen Burner 
is shown in Figs. 59, 00. The crucible rests upon a pii)e-elay triangle on the 
ring of a tripod-stand or of a retort-stand. A retort-stand (Fig. 00) is gene- 
rally to bo preferred as a support, since it enables the height of the crucible 
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TOGETHER WITH THE FILTER. 

above tlie flame to be suitably adjusted, so a.s to expose the crucible to the 
desired temperature, 

97. When Loss of Liquid by Spirting might occur, the Substance 
is Heated from Above.— The crucible containing the substance is inclined 
as is shown in Fig. GO. A small flame is placed under the upper edge of the 
crucible, and the substance is heated partly by heat radiated from the lid, 
and |)artly by the conduction of heat down the side of the crucible. The 
ignition of the substance is finished by jdacing the flame immediately below 
tlie btjttom of the crucible. 

98. Ignition at Higher Temperatures is secured by using the foot 

blowjiipe in which air is blown from foot-bellows into a 
gas- flame. Hut for most purposes the Fletcher Safety 

Hunsen or the Mekcr burner will amply suflice. Tlic.se 
burners arc specially designed to yichl a “ solid ” flame 
of high temperature, which is more than sufficient to melt 
copper. 

Anotlicr form of high-temperature burner is the Teclu 
burner (Fig. Gl), in which the air-supply enters the conical 
[tortiun of the burner and is regulated by rotating tlie disc («), 

the screw (?j) regulates the supply of ga.s. When a m i> 
liigb temperature is required, the full siqiply of gas is 
turned on, and the disc is then rotated until a roaring flame i.s produr.ed. 


loNlTION OF THE PuECIPlTATE AND INCINERATION OF THE 

Filter in One Process. 

99* Fhis method is employed when the combustion of the filter-paper 
exert no reducing action upon the precipitate. It is carried out as is 
described below, 

I ho filter and precipitate are first thoroughly dried in the steam-oven. 

filter-paper, still containing the precipitate, is then folded together ; 
<1 the free edge of the i^aper is turned down, so as to inclose the precipitate 
n as small a space as possible. The filter is now placed in the crucible, which 
neaily covered with tlie lid, a small space only being left for the escape of 
f^ascs which are formed by the combustion of the filter-paper. 

^ I fie heat must bo applied with moderation at first. But as soon as the 
duo to the burning of the combustible gases is no longer seen, the lid 
^ removed, and the heat may bo increased until the required tempera- 
is attained. After the filter-paper has been converted into ash, and 


Fig. Gl. 
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the black carbon from the paper has been completely burnt, the source of 
heat is removed. As soon as the crucible has cooled below redness, it is 
removed by means of a pair of dean crucible-tongs to the desiccator. The 
crucible lid is then ignited, if necessary, until it is clean, and is placed upon 
the crucible. The crucible is weighed with its contents as soon as it is cold. 
It will usually require about twenty minutes for cooling. 

If the Filter-paper is Difficult to Incinerate, and black particles of 
carbon persistently remain, the combustion may bo hastened by bringing the 
portions of unburnt lilter-papcr against the hottc.st portion of the crucible. This 
may be effected by a stout platinum wire, which has been fused into a piece of 
glass tubing to serve as a handle. A small blowpipe-flame may be used to produce 
a higher temperature, and thus aid in effecting the complete incineration of tlio 
paper. Atiotlicr plan for hastening the combustion of the carbon is to introduce 
a gentle stream of oxygen into the crucible. Or the cold ash may be moistened 
with a drop of saturated ammonium nitrate solution, and then be carefully dried 
and again ignib'd. 

100. Ignition of the Undried Precipitate. — Some precipitates, such as 
those of aluminiuni and chromium hydroxides, may bo ignited without having 
been previously dried in the steam-oven, after they have been washed and drained 
by rneanb of the filter-pump. In this case the lid must cover the crucible until all 
the nioisturo and gases have been expelled by means of a small flame placed at 
some distance below the crucible, and the heating must then bo gradually increased. 
The method of heating described in paragraph 97 also answers well for this 
purpose. 

EkVERiMENT 19.— Carefully wrap up the precipitate of AlfHO),, which ha.s 
been already dried (85), and place it in a platinum or porcelain crucible, which 
has been recently ignited and weighed. Nearly cover the crucible with the lid. 
Ignite the crucible, placed in an upright position (Fig. 59, p. 58), very slowly at 
first. Then gradually increase the temperature until the crucible becomes red-hot. 
Maintain this temperature for ten minute.s, and finally heat the crucible to 
bright redness for five minutes (98). 

Remove the flame, then transfer the crucible to the desiccator by means of 
the cnicible-tongs, and weigh it as soon as it is cold. Heat the crucible once 
more, cool it in the desiccator, and weigh it again. Repeat this process, if neces- 
sary, until the weight does not become reduced by more than a milligram by 
the last ignition. 

From the original weight of the salt used (75, Exp. 15), and the weight of the 
precipitate (Al^Og) obtained after ignition, the percentage of aluminium io 
pota.ssiiim alum may now be calculated. 

An Example of the method of entering the results of the weighings and of 
making the calculations is shown below : 

Estimation of A1 in AlK(S0Jjt.l2Hj^0: 

First weight of bottle + alum . , , , 19-8635 

Second weight of ditto . . , , . 18-3980 

Weight of alum used 


1-4655 
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Weight of precipitate (Al^Oj) + crucible + filter-ash . 
Weight of crucible alone 

Weight of filter- ash . . , , 

Weight of AIjOj . . , . 


lG-7403 
10 5809 
'0M5tr4 
0 0022 
01572 


The weight of aluminium in this AI^O, is found by the following proportion ; 

As the molecular weight AI^^Oj : the molecular weight Alj : : weight of Al^Oj 
found : weight of Al. 

Or, as 102 16 : 64-16 : : 0 1572 : : 0 08334 

And the percentage of aluminium in the salt is found by the proportion : * 

As the weight of substance taken : the weight of Al found : : 100 : the per- 
centage weight of Al. 

Or, as 1 •4055 : 0 08334 ; ; 100 : 5-69 

The two proportion statements may bo combined into one compound proportion 
statement as follows : 

102-16 : 54-16 ; : 0 1572 : weight of Al 
1-4655 ; weight of Al : 100 : : percentage of Al 
54-16 X 0 1572 x 100 

Hence the percentage of Al = ^ -VM 


Now the percentage of Al in potash alum is found by the proportion : 
Afolecular Atomic 

weight weight 

of alum. of Al. 

474-41 : 27 08 *, : 100 : 6-69 

Hence the percentage error *= 5 09 - 6*69 ■■ + 0 - 10 . 


Ignition of the Precipitate, and Separate Incineration 
OF THE Filter. 

Tliis process is employed when the combustion of the filter-paper might 
exert a reducing action upon the precipitate, and in other cases in which 
it is desirable to keep the precipitate apart from the ash. Three methods of 
carrying out this process are described in paragraphs lOI, IO 4 , IO 5 . 
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lOl. First Method. — The Filter is Burnt in a Platinum-wire Coil, 
and the Ash and the Precipitate are Ignited together in the Crucible. 
Tlio dry precipitate and filter nro taken from the funnel, and the precipitate 
is carefully shaken out of the filter into the crucible or capsule. 

The crucible should meanwhile be placed on a piece of glazetl paper ( Fi'j;. 
fi2), whieli serves to catch any [jarticlcs of precipilato which may fall outside 
the crucible. For dark precipitates white paper may bo used, but for light- 
coloured jirccipitatcs dark paper is preferable. Any particles of the preci- 
[litato which remain adhering to the filtcr-pa{)cr should bo detached as far 
as possible, by gently rubbing the .sides of the filter-paper together, and trans- 
ferred to the crucible. 

The filter-paper is now folded up ns is showm in Fig. 03, and is finally 
rolled up as is shown in Fig. 04. It is then bound by a piece of platinum wire, 


Fio. 03. Fia. 04. 
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which is coiled round it in a spiral form. Some fairly stout platinum wire 
about six inches in length, one end of which has been fused into a piece of 
glass tubing to serve as a handle, will bo found suitable. 

The filter-paper is then kindled by a Bunsen fiame, and is kept glowing 
by occasionally introducing it into the flame, until the carbon is burnt away. 
A slight tap of the wire on the edge of the crucible will cause the ash to fall 
into the crucible. If the wire has been coiled into a conical spiral, the folded 
filter may bo dropped into it, and the ash may bo readily turned out after 
the ignition by simply inverting the spiral. 

Any particles of the precipitate or of the filter-ash which may have fallen 
upon the sheet of paper are then carefully transferred to the crucible by 
means of a small carael’.s-hair brush, and the crucible and its contents aro 
ignited, allowed to cool in the desiccator, and weighed. 

102. If the Precipitate contains a Metal, which may be Reduced by 
the Filter daring its Incineration and may then alloy with the jilatinum win', 
great care must be taken to fold the filter so ns to inclose the adherent precipitate 
in the middle of the paper coil. Or the wire may be dispensed with, and one of 
the methods of incineration which are described in paragraphs 104, 105 maybe 
employed. 

103. If the Substance can be Altered in Composition by Contact with the 
Burning Filter, it is usually iicc.cs.sary to treat the liltcr-ash with a .suitable 
liquid, in order U, restore that part of the substance, which has been ignited on the 
paper, to its original composition. In this case the ash is allowed to fall upon » 
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Bcparato part of tho bottom of tho crucible or capsule : the ash can then ho treated 
apart from tho main part of tho precipitate. Alternative methods are described 
in paragraphs 104 I05- 

104. Second Method. — The Filter-paper is Incinerated on the 
Crucible lid, and the Precipitate is Ignited in the Crucible, anrl both 
arc ultimately weighed together. 

The precipitate is shaken out into the cnicihlo, and the last traces of 
tho sijl)stanco are detached from tho paper as completely as possible. 

Tho filter-paper is then cut up into strips by a clean pair of scissors, and 
these strips are incinerated one by one upon tho inverted lid of the crucible, 
which is supported on a pipe-clay triangle. Tho crucible and its lid aro 
then ignited together. 

The filtor-pa 4 )or may be incinerated in a separate crucible instead of on 
tho lid. 

105. Third Method.— The Filter is Burnt in the Cnicible, and the 
Precipitate is then Added and Ignited. This method gives satisfactory 
results with careful manij7ulation, but it will be seen that a greater risk of 
loss of ()rccipitato is incurred than by the preceding methods. The )>rocedure 
is as follows : 

Tho precipitato is carefully transferred to a watch-glass or to a piece of 
glazed [taper, and i.s covered with an inverted funnel (Fig. 05). 

Fio. 05. 


fi'. 



Incinkration of the Filter. 

The filter-paper is then folded up and is incinerated by heating it in the 
crucible. Or the filter may be held over tho crucible by clean crucible-tongs 
in the Bunsen flame, until most of the carbon is burnt oflt ; the residue is 
allowed to drop into the crucible, and the incineration is fini.shod in tho 
crucible over the Bunsen flame. 

The precipitate is tlien placed in tho crucible, a small camel’s-hair brush 
or smooth spatula being used to sweep off the last particles from tha glazed 
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surface. Finally, the crucible and its contents are ignited at the requiivtl 
temperature. 

Experimem 20.— The precipitate of BaSO^, which has been obtained from 
alum, and has been washed and dried (Exp. 18, 85 ), is ignited according to the 
first method (lOl). 

The precipitate is detached as completely as possible from the filter-paper, 
and is shaken into a platinum crucible standing upon black glazed paper. 

The filter-paper, which still retains some of the precipitate, is carefully folded 
and bound round by a platinum wire. It is then held over the crucible, 
and is kindled by a Bunsen fiame applied to it in the manner shown in Fig. 62, 
When the paper has been burnt to a whito ash, this ash i.s shaken into the crucible 
by gently tapping the wire against the edge of the crucible. 

Since the burning of the filter-paper may have reduced the adherent BaSO^ to 
BaS, it is necessary to ensure the reconversion of this BaS into BaSO^ in the 
following way : The ash is moistened with one or two drops of dilute HCl and 
with one drop of dilute The lid is then i)laced on the crucible, and 

the crucible is heated very gently over the Bunsen llani,’. As soon as all the 
liquid has been evaporated, the crucible is gradually raised to a dull red-heat, 
and is kept at that temperature for about fifteen minutes. The crucible is then 
aljowed to cool in the desiccator and is weighed. It is again heated ^pr ten minutes 
at the same temperature, and is weighed again as soon as it is cold. These opera- 
tions are repeated as long as the ebntents of the crucible alter in weight. 

From the weight finally obtained, the weight of the BaSO^ can bo found : '’and 
from this the percentage weight of S6^ in the alum can be calculated. 

An Example which serves to illustrate the methods of entry and of calculation 


is given below : 

Estimation of SO4 in A1K(S04)2-12H20; 

First weight of bottle -p salt 1 6*8723 

Second weight of ditto ........ 14-7954 

Weight of salt used 1^^ 

Weight of crucible -f BaSO^ -f ash 17-6415 

Weight of crucible alone ........ 16-5806 

1-0609 

Weight of filter-ash 0-0022 

Weight of BaSO^ "1-0587 


The weight of SO^ in the BaSO^ is then found by the following proportion : 
BaSO^ SO, BaSO, found 
233 06 : 96-06 : ; 1-0587 ; 0-4363 gram SO,. 

And the percentage weight of SO, in the potas.sium alum is then calculated 
from the weight of the alum used, by the following statement : 

1’0769 : 0*4363 : : 100 ; 40*52 SO, per cent, (found). 

Now the percentage weight of SO, actually present in alum is calculated from 
the above formula for alum by the following statement : 

Alum 2SO, 

474*41 : 192*12 ; : 1(K) : 40 ,50 SO, per cent, (by theory). 

Eenoe the percentage error — 40*52 -• 40 -.50 = + 0 02, 
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Preparation of Pure Substances. 

Tho use of pure substances for practice in the analytical processes of 
quantitative analysis is generally indispensable. Some general methods of 
[unifying substances are described in the following paragraphs. Pure 
chemicals can now, however, usually bo obtained by purchase. 

106. The Process of Crystallisation is applied to the preparation of 
pure substances and of double salts. 

Tho purity of a soluble and crystallisable chemical compound can usually 
1)0 ensured by dissolving it in a suitable medium and repeatedly crystallising 
it, since by this treatment the impurities which wore present in Ihe original 
substance are left behind in the mother-liciuor. Many commercial salts may 
be pui'ifiod by crystallising them once or twice from their solution in water 
(107). 

Poublo salts can usually be made by dissolving their component salts in 
suitable proportions in as little hot water as [m.ssiblc, and crystallising the 
mixed solutions. It should ho noted, however, that in (lie pjoparatiou of a 
double salt, it is fre{]uently necessary to mix the component salts in propor- 
tions different from those in which they are present in the double salt (I08). 

107. In the Crystallisation of Salts or of Simple Bodies, the follow- 
ing is tho usual mode of procedure. 

A beaker, or flask, or a ])orcclain dish is used for tho solution of the solid. 
A hot and nearly saturated solution of the solid 
in water, or in some other suitable liquid, is 
made by stirring the coarsely crushed solid vritU 
the hot li(iuid until the solid no longer dissolves. 

The hot clear solution is then decanted from 
tlie excess of solid into a crystallising dish. 

l^hmy salts form insoluble basic sails when 
(luy are dissolved in water, and these cause 
die solution to become cloudy. This may be Hot- water .Iacket. 
avoid'd by previously mixing with the water 

a few drops of the acid corresponding to tho acid-radicle which is present 
'n tlio salt. 

If any suspended matter is present, tho solution must be passed through 

f'ltor in a funnel which is surrounded by a hot-water jacket. 

Tho apparatus which is used for this purpose is shown in Fig. (56. It consists 

a cloublo-walled copper vessel in tho .shape of a truncated cone. In communi- 
cation with the interspace of this is a hollow projection (a). The apparatn.s is 

6 
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with watrr, and the water is heated to boiling by ]>laein|;; a Bunsen 
llame beneath the projection (u). If a ])laited filter is us(al in a funnel with the 
stem cut olT, riltration will be so rapid that a hot jacket will not bo required. 

The clear hot solution is now received in a tliin glass vessel which is sur- 
rounded with cold wa((T, and the solution is conshnitly stirred while it is cool- 
ing, so as to promote the formation of small crystals. As soon as the crystals 
have ceased to form, the supernatant litpiid is poured off, and the crystals 
arc placed upon a porous plate to drain. Afb'i' the crystals have drained for 
‘several hours, or for a shorter time if air is drawn through them by suetimi, 
they arc hiadvcn up, and are linall}’^ dried by pressing tluun Ixdween folds 
of filter-paper. Tliey are then ])reserved in a well-stoppered bottle. 

Larger crystals may be obtained by allowing the solution to cool slowly, 
but they are liable to contain inclosed mother-liquor and to bo less pure than 
small crystals. 

Exveuimt5NT 21.— Weigh out roughly 120 grama of potassium alum, 
A1K(S0^)^.12H20, and dissolve it in 100 e.c. of boiling distilled water. Filter 
the solution, if necessary; cause it to crystallise by cooling; then dry the erys- 
tals as is described above, and place thorn in a clean, dry, stoppered bottlo. 

Expeuiment 22.— Weigh out roughly 100 grams of copper sulphate crystals, 
CuSO^.6H,0 ; dissolve the salt in 100 c.c. of boiling distilled water, crystallise, 
dry the crystals, and place them in a bottlo for subsequent use. 

The following suhstaiices may also bo erysUdlisod, and used hereafter 
KOI; AmCl; MgSO,.7H^O; BaCl,.21f^O ; ZnSO,.71lO- 
Pb{C,H 30 ,),. 311^0; K^Cr^O^; and ILC;0^.2H,O. 

I 08 . In the Formation and Crystallisation of Double Salts, the 
mode of procedure varies with the properties of the substances to bo used. 

(a) The usual method of preparing a double salt consists in weighing 
the simple salts in the proportions in which they are contained in the double 
salt. A hot strong solution is then made of each salt separately ; those two 
solutions are mixed together, and the liquid thus obtained is crystallised ( 107 )- 

(b) This method, however, cannot always bo employed, since a solution 
of the component salts, prepared as is directed above, will occasionally furnish 
not only crystals of the double salt, but also of one of the component salin. 
This difficulty is obviated in the following preparation by using an excess of 
MgS04.7H20: 

Experiment 23. -Preparation of MgS 0 ,.K,S 04 . 6 H 20 . Weigh out 87 gram? 
of pure K,S0, and 160 grams of pure MgSO,.7K,0. It will be noticed that 
the weight of the MgS0^.7Hj,0 is in excess of the molecular proportion for the 
reason already stated. Dissolve those portions separately in boiling distilled 
water ; mix the solutions, crystallise, and dry the crystals of the double salt. 
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(C) In the preparation of double salts, it must also bo rc;uem bored that 
certain salts, when they are treated with hot water, are converted partially 
into insoluble basic salts. Hence boiling water must not bo employed in 
dissolving them. The following preparation will serve as an example : 

Expkrimknt 24.— Preparation of F0(NHJo(SOj)^,. 611,0. Weigh out 02 grains 
of pure Ani.,SO^, and 140 grams of jmre recrystallisod FeS0^.7If^0. It will 
be noticed that those wisights are in molecular profiortion. Dissolve each of 
those salts separately in the smallest possible quantity of distilled water, at a 
temperature not exceeding 40° G. ; then mix the two solutions, add a few drops 
of dilute sulphuric acid to clear the solution, cool, crystallise, and dry the 
crystals ( 107 ). 

(d) Some double salts are most readily and completely separated from 
solution by pouring the solution into a liquid in which the salt is insoluble. 
Thus the solution of ferrous ammonium sulphate (Exp. 24) may bo jiourod 
into alcohol, when the double salt at once separates in a granular condition. 
The yield of the salt which is furnished by this method is also larger than 
that obtained by crystallisation. 

The following Double Salts may be Prepared, using the molecular pro- 
])()rtiona of the component salts denoted by the formula- of the double s.alts. The 
weighed salts are dissolved in the least jiossible quantity of boiling water, and 
are treat'd as has been described above. 

A1K{S0,),^.12H/^ ; Cu(NII,),(SO,),.6H,0 ; CuCl,.2AmC1.21I,0. 


Other Ways of Preparing Pure Substances. 

109. By Precipitation (75) and subsequent Washing (76) and Drying 

( 84 ) many chemicals may bo prepared in a pure state. 

Exi'krtment 2.5.— Preparation of Pure CaCOj. Dissolve 100 grams of pure 
calcium chloride in 2.50 c.o. of distilled water. Heat the solution to boiling, 
filter if necessary, and then add a strong solution of pure Ani^CO, as long as any 
precipitate is caused. Allow the precipitate to subside, and wash it by decanta- 
tion. Then transfer the precipitate to a filter and wash it with hot water until 
the washing-water no longer gives any turbidity with AgNO,, showing that all 
the dissolved chloride has been washed away. 

Since this precipitate is voluminous, it is advisable to use the filter- 
pivmp ( 79 ) in order to hasten tbo process of filtration. A still bettor plan is to 
place a 7 cm. perforated porcelain disc in a large-sized funnel, cover this with a 
' tc^paper 7-6 cm. in diameter, and tben use tbe filter-pump. By continuing the 
suction the precipitate may also bo almost freed from water by the passage of 

Finally, dry the precipitate in the steam-oven, detach it from the filter-paper, 
and place it in a bottle for further use. 

Pure BaCO, and SrCO, may bo prepared in a similar way. 
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Experiment 26.— Preparation of Pure NaCl. l)i.s.solve 100 grams f)f NaCl in 
400 o.c. of distilled water. Precipitate the NaCl by passiii<j: into this .solution 
a current of HCl gas, which has been washed by bubbling through a little water 
in a bottle (Note). The delivery-tube should have an inverted funnel attached 
to it, by means of a piece of india-rubber tubing, the mouth of the funnel dipping 
just beneath the surface of the sodium chloride solution. This precaution is 
necessary in order to prevent the salt solution from a.scending the delivery-tube. 

The passage of the gas into the solution will cause the NnCl to be i>re('i[)itatcd 
in small crystals. As soon as the precipitation ceases, the NaCl is thrown upon a 
funnel containing a perforated disc, a.s described above in Experiment 2r>, and i.s 
washed twice by decantation with pure strong JlCl. The salt is then placed 
upon a porous tile or plate to drain, and is finally freed from HCl and from water 
by heating it in a porcelain dish over a small Bunsen llame. 

This pure dry NaCl is preserved for use in a stoppered bottle. 

Note . — ^The NaCl may be precipitated from its saturated solution by the 
addition of strong hydroohloric acid solution instead of by passing the ga.s. 

Experiment 27. — Preparation of Pure Anhydrous Tartar Emetic 
[K( 3 b 0 )C 4 H 40 fll. Dissolve 100 grams of tartar emetic in the sm.nllcst pos.siblc 
quantity of water. Add to this solution about twice its volume of methylated 
spirit. Wash the salt thus precii>itated with methylab'd spirit, and dry it at 
once in the steani-ovon. 

no. Sublimation is occasionally used f(»r the purpose of separating vola 
tile from non-volatilo sub.stances, and thus cflecting their purilication. If a 
rolatile substance is to bo purified, .sublimation may bo etTected by placing 
the substance in a porcelain crucible, and inverting over it a similar vos.sol. 
The lower crucible is then gently heated ; the substance will volatilise and 
the vapour will condense in the upper crucible. This crucible must be replaced 
if it becomes hot. 

Another method consists in hoat-ing the substance in a porcelain dish and 
condensing the vapour by means of an inverted funnel placed as a cover to 
the dish. 

Unless the substance which is to ho suhlimod is known to be perfectly dry, 
it is best to allow the first portion of its vapour to escape and carry off tho 
moisture with it. 

Experiment 28.— Purification of Iodine. Partly fill a porcelain crucible with 
a finely iwwdercd and intimate mixture of three parts of iodine with one part 
of potassium iodide. Cover this with a second crucible, and heat the rnixlme 
gently.'' Remove the sublimed crystals from the upper crucible, and store tliein 
in a clean dry bottle. 

The mixture of potassium iodide with tho iodine, followed by sublimation, 
serves to remove chlorine and bromine from the iodine : Cl + KI » KCl + I. 

Experiment 29.— Resnbllmatlon of Arsenious Oxide. Introduce into a small 
TOrcolain dish a thin layer of As^Of,. Invert over this a clean gloss funnel, and 
heat tho dish gently. Detach the sublimate from the funnel, and keep it iu a 
bottle for future use, ' 



111 .] 


GENERAL RULES FOR WORKING. 


69 


General Rui.es for Working. 

III. Many rules and precautions have already been given among the 
preceding general directions for carrying out analytical processes. In the 
following statement those directions are summarised, and others are added 
wliioli will bo of groat assistance to the student. 

1. B(‘fore commencing work, see that the requisite reagent bottles are 
filled, and filter those litpiid reagents which are not clear. Keep the bench 
surface serupulously clean and dry during work. 

2. All the apparatus which is recpjircd for use should be perfectly clean. 

Glass and i)orcelain vessels may usually be cleansed by washing lliem with 

the brush. Or the surface may bo rubbed with moistened sea-sand or piimice- 
jtowde.r, or water containing sea-sand or powdered pumice may be shaken in 
the vessel. • 

i «r(!ase is generally removed by the application of a hot solution of caustic 
alkali. Strong acid serves to remove many other substances. 

Mefal crucibles and dishes are cleansed and polished by rubbing them with 
moist whiting, sea-sand or crushed pumice. 

The stains on a platinum crucible may usually be removed by fusing a 
lilfle KH8O4 inside the vessel, or by dip[)ing the crucible into the fused salt 
if the stains are on the outside. 

3. Before commencing the quantitative analysis of a substance of unknown 
cuniposition, a careful qualifafivo analysis should invariably be made. 

4. Before starting any analytical process, which is unknown by previous 
experience, read carefully through the ivhole of the description which is given 
and master the details of the description. 

T). Never place a substance directly on the scale-pan of the balance, but 
put it on a watch-glass or other suitable siqiport. 

b. No body which gives olT corrosive gas or vapour should bo weighed on 
ift d(‘licii(e Imlance, unless it is contained in an accurately stoppered vessel. 

o When a weighing is finished, note down the weight at once in the Note- 
and check it. Take care that the weight is entered correctly, as one 
Aroiijr weighing will spoil an analysis. Do not use slips of paper for tliis 
i'^'pnse, as they may be lost. 

Never leave weights on the scale- pan after a weighing nas neen finished 
^nd recorded : and always close the balance-case as soon as a weighing is 
P^'Qipletod. 

After a body has been heated, it should be allowed to cool in the desic- 
'®ter before it is weighed, and it should bo weighed as soon as it is cold. A 



70 


GENKRAI. RULES FOR WORKING. [Ill, 

substance should not bo allowed to remain very long in the desiccator before 
weigliing it. 

Crucibles should be heated shortly bbfore they are used, then allowed tc 
cool in the desiccator and weighed. These processes should bo repeated each 
time a crucible is used. 

10. riatinum vessels and other metallic vessels, which have boon hoated 
to redness, should be allowed to cool below redness before they are touched 
with brass cruoible-tongs. 

11. All splashing while filtering and pouring off liquids must bo avoided. 
With this object a liquid may be poured from {)ne vessel to another by pressing 
a wetted glass rod against the edge of the upper vessel, and thus conducting 
the liquid to the inside surface of the lower one or to the surface of the liquid 
it may contain. The outer edge of the upper vessel should be greased whore 
the liquid is poured, in order to prevent the liquid from running down the 
outside of the vessel. 

12. Vessels of porcelain, nickel, or platinum should be used in preference 
to glass vessels for holding alkaline liquids. Nickel and silver basins and 
crucibles should not bo used with acid liquids. Platinum should not bo used 
in the presence of aqua regia, of nitric acid and a chloride, of hydrochloric acid 
and a nitrate, or of fused caustic alkalis. 

13. Platinum vessels should not be used for heating reducible compounds 
of As, Sb, Zn, Pb, Sn ; nor should they be used for alkalis, or for alkali no 
nitrates or cyanides, or for reducible or fusible phusj)hate3. Free carbun 
and silicon are also very injurious to platinum at high temperatures, and a 
platinum vessel is rendered brittle by being beated for any length of time 
in a gas-tlame which deposits carbon. 

14. Capsules and crucibles of fused silica may be used for heating non- 
alkaline substances. 

15. Vessels which require to be heated to high temperatures should he 
supported on platinum, pipe-clay or fire-clay supports. Porcelain and 
other dishes, when they are heated on a water-bath and are to bo subsequently 
weighed, should be supported on glass rings. Fused silica supports are 
applieablc in all these cases. 

16. A fiainc which is used for heating crucibles should be free from lumi- 
nosity and strong colour. If the flame is luminous it will deposit soot on 
the vessels with which it is in contact. If it is coloured, it will probably 
deposit zinc or copper, or their oxides, upon the vessel upon which it plays. 

17. If an operation is unfinished when work ceases, the vessels containing 
the substances should be labelled before they are put away. Never trust to 
memory in these matters. 
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Entry of Results and Calculation. 

1 12. Entry in tlie Note-booR.r— A Noto-book of not less than quarto 
size will bo found convenient for the entry of the results obtained during 
quantitative analysis. The description and general results of the analytical 
process may be entered on the right-hand page, the left-hand page being 
reserved for the necessary calculations 

Each stage of the analysis should bo carefully and accurately entered in 
the Note -book as soon as it is completed. 

I'ljo rough entry in the laboratory may conveniently bo made in pencil. 
Pencil writing is not obliterated by the chemical action of acids or of alkalis, 
as is the case with writing made by various kinds of ink. 

When quantitative analysis is carried out under a teacher’s direction, the 
student may advantageously copy out in ink, in a second Note-book, all the 
examples worked by him ; and no estimation should bo considered as com- 
}»loted until its entry has been carefully examined, checked, and initialled 
by the teacher. 

A difference of 0’2 per cent. fn)m the theoretical quantity, or from the 
result of a duplicate analysis, is usually the maximum error which is allowed 
in the case of simple quantitative estimations. 

1 13. Example of Entry and Calculation in the Note-book. —The 
following will serve as an example of the metho<l of full descriptive entry 
recommended for the student’s Noto-book : 

Estimation of tho Percentage amount of Water in CuSO 4 . 5 H. 2 O 1-864G 

grams of the coarsely j)owdcrcd rccrystalli.scd salt were carefully weighed in the 
watclv gla.ssos and clip. Tho» air-oven was next rogulat.od so as to maintain a 
uniform temporaturo of 210° C. Tho clip and tho upper watch-glass were removed 
and tlio lower watch-glass containing the salt was placed ujmn a pipe-clay triangle 
in the air-oven. 

The salt was heated in the ovori for two hours. Tho glass containing the 
copper sulphate was then taken out, the upper gloss and clip were quickly replaced, 
and the glasses were allowed to cool in tho desiccator, and wore weighed. The 
uncovered salt was again placed in the air-oven and was heated for half an hour ; 
It was then allowed to cool and was weighed again. These processes were repeated 
until no further los.s of weight occurred. 

Weight of glosses and salt 24-7840 

Weight of glass alone 22-9195 

Weight of salt taken ..... 1-8646 

Weight of glasses and salt 24*7840 

„ after 2 hours’ drying . . . 24*1125 

after another half-hour . . . 24-1116 / 

Weight of water driven off . 


0-6726 
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Hence I '8646 grams of tlic salt contain O f>72.'l gram of water : 

-in # .1, . • 1. . ^ X 100 

Iherciore the percentage weight of water === =» 36' 06. 


The calculated percentage of water . 
The percentage found 

Hence the error 


- 3613 
30- 00 

- - 0 07 


114. Calculation of the Results of Analysis.- Several examples 
liave been given of the melhod of ealculaling the percentage weight of a 
eubstance present from the weight actually obtained. Those calemlations 
may be ahurteiiecl by the use of factors and logarithms. 

1 15. The Use of Factors.— The proco.s.s of calculation may be shortened 
by multiplying the result, obtained by the analysis, by a factor. A table of 
such factors will be found in paragraph 981. The following example, applied 
to the calculation on page 61, will illustrate the use of a factor; 

In this estimation. 0-1672 gram of Al./)^ was found. The factor to be used 

to couvort Al.O, into «= - - _ ^ 11 .1 

^ 3 ^ Hence tlie weight 

of A1 found— 0 1 672 x 0-63016 — 0-0833 1. 


The Use of Logarithms. The logarithms used should consist of at 
least five figures. Logarithms corresponding to the factors monlioiu'd above 
will bo found in paragraph 981, and a table of logaiilbms is given in 
paragrajihs lOOI and 1002. 


1 16. Decimal Measures (996) are used in this book, but since espa- 
citiw are ot'tcn l■l.sm^ll(.|■e sluled in ounces of water, and hiigtlis in indies, 
the roughly equivalent values are given below : 


4 oz. = 1 20 c.c. 
6 oz. -- 200 c.c. 
8 oz. ^ 260 c.c. 


10 oz. 300 0 . 0 . 
18 oz. = 500 c.o. 
and so on. 


i inch -- 0-6 era 

S I 

i 1-3 „ 

1 - 2-6 „ 

M rr - 4 .. 

2 6 „ 


3 inches = 7*6 cm. 

H „ 0 „ 

4 ,, « 10 

4! „ = 11-6 „ 

« „ 16 „ 

and ao on. 
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SIMPLE GRAVIMETRIC 
ESTIMATIONS. 


SECTION IV. 

125- Introductory Remarks. — In the following descriptions of the pro- 
cesses for estimating various substances, the nio.st important and typical 
processes arc printed in ordinary type. Those which are of less importance 
arc printed in smaller type, and are placed, as far as is possible, after the 
ty|)ical estimation wliich they most neaily resemble. The estimations of 
metals and acid-radicles are generally arranged as exercises of increasing 
ditliculty, rather than in the order of their analytical groups. 

In most of the exercises the substances upon which the pruce.ssos of osti- 
iuati(jn are carried out are of known and definite composition. The accuracy 
of I he student’s result can therefore be checked in each case by calculating 
tin? percentage of the constituent from the formula of the substance. When 
the body is of unknown composilion, two estimations should be made. It is 
usual to consider the percentage result which is obtained sufliciently accurate 
if it does not dillcr by nnu'e than 0*2 from the duplicate result or from the 
calculated theoretical result. The ordinary methods of stating results and 
of calculation will be found in the examples on pages 64 and 71. 

It will be noticed that the substances which are usually given for practice 
are soluble in water. If a substance in which an estimation has to be made 
is insoluble in water, the student should ascertain, by experiments made 
uj)on a small portion of the finely powdered body, what is the most suitable 
means of obtaining it in the dissolved state. The acids may be tried as 
^"Honts in the following order: hydrochloric acid, nitric acid, and then a 
mixture of those two acids. 

If treatment with these solvents does not effect solution, the substance 
^'^^y generally be decomposed by treating it with about six times its weight 
‘’f a fused mixture of sodium and potassium carbonates. The fused mass, 
<dlcr cnolitig, is then fully extracted with water, and the well-washed insoluble 
residue is dissolved by treatment with acid. 

7S 
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The process of treatment of an insoluble substance will probably be 
familiar to the student from hia qualitative work. The special precautions 
which should bo observed when this process is used in quantitative analysis 
will bo understood by roforonce to paragraphs 134, 136 and 21 1. 


Estimation of Copper in its Soluble Compounds. 

126. The Copper is precipitated as Hydroxide by solution of 
Potassium or Sodium Hydroxide ; the precipitate is ignited, and is 
weighed as CuO (Seo Note, page 76 ). 

Weigh out accurately about 0-5 gram of crystallised copper sulphate, 
CuS() 4 . 5 H 20 (Exp. 22, I07)» 'uto a 500 c.c. beaker (II6), or, better, into a 
porcelain or iilatinum dish (HI, 12). Dissolve the salt in about 100 c.c. of 
distilled water, and add a few drops of dilute IlCl if the liquid is not clear. 

Cover the beaker or dish with a clock-glass to prevent loss by spirting, 
and heat the solution to boiling. As soon as the solution boils remove the 
flame, take ofT the clock-glass, and add boiling potassium hydroxide solution 
gradually until it is present in excess. Then boil the liquid again, and allow 
the preeifutate to subside. 

In order to ascertain whether KUO is present in excess, stir well, then allow 
the precipitate to subside, and observe whether the supernatant liquid has become 
colourles.s ; also test the clear liquid with turmeric-paper. If the liquid is colour- 
less, and give.s a brown stain on the paper, the presence of excess of tho alkali ia 
indicated. The addition of a large oxce.ss of the alkali should be avoided. 

Tho clear liquid is now decanted through a paper or asbestos ( 82 ) filter, the 
filtration being hastened by the filter-pump (79)* The precipitate ia twice 
washed by decantation by boiling it with water ( 76 ) ; it is then transferred to 
the filter by moans of a glass rod and a wash-bottle with a fine jet. Tho 
precipitate which adhoro.s to the beaker ia removed by rubbing it with a short 
piece of tightly fitting rubber tube pushed upon tho end of the glass rod. The 
washing is continued until a few drops of wasliing-wator from tho funnel 
no longer give a white ))rccipitato when they are warmed with BaCIj solution 
and allowed to stand for live minutes. 

As soon as the precipitate has been completely washed, the precipitate 
and filter are dried in the funnel or in the Gooch crucible in the steam-oven 

(59)- 

The precipitate is then detached from the paper filter as completely as 
possible {I0I-I05)> and is placed in a crucible, preferably of platinum. The 
filter is folded up with tho soiled surface in tho middle, and is bound rounJ 
with a spiral of platinum wire. It is then burnt in the Bunsen flame until 
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all the carbon is consumed. The crucible is now tapped upon the bench so 
as to cause the precipitate to collect on one side, and the filter-ash is dropped 
by itself upon the other side of the bottom of the crucible. 

The filter-ash is then moistened with two drops of strong HNO3, 
gently heated until the excess of the acid has been driven off. The crucible 
and its contents are heated to redness for fifteen minutes, and are weighed 
after they have cooled in the de.siccator. 

The ignition is repeated for another five minutes, and the cold crucible 
is again weighed : these operations being repeated until the weight is constant. 

Tho dried precipitate is directly ignited, as is directed above, if the 
Gooch crucible has been used. 

Tho weight of CuO thus obtained from tho known weight of the salt 
enables tho percentage of copper in tho crystallised salt to be calculated. 

iVo/e.-— Copper cannot be completely precipitated by alkaline hydrate from 
solutions which contain a large quantity of alkaline nitrate or of ammonium 
Halts. 

The presence of certain non-volatile organic substances also prevents tho 
precipitation from being complete • these substances should therefore bo removed 
before tho copper is precipitated by jmtassium hydroxide. This may bo effected 
by adding sodium carbonate and potassium nitrate to tho solution, then evajiorat- 
ing it to dryuesa, and fusing tho residue. The copper is dissolved out of tho residue 
by luniting it with dilute hydrochloric acid, and the filtered solution is treated as 
Is directed below. 

Gop])cr may, however, bo completely precipitated from its solutions in tho 
form of sulphide, even in tho presence of organic substances or of an alkaline 
nitrate (474). 

Other methods for estimating copper will bo found in paragraphs 405-408, 
and 474. 


Estimation op Nickel in its Soluble Compounds. 

127. The Nickel is precipitated as Nickelic Hydroxide ; this is 
converted into Oxide, NiO, by ignition, and is weighed as such {Xute 
1. page 76). 

Weigh out accurately about 0*5 gram of pure nickel ammonium sulphate, 
Ni(NH,)2(SO4)2.0H2O(io8), into a 600 c.c. beaker (116), or, better, into a 
porcelain or platinum dish (m, 12). Dissolve tho salt in about 100 c.o. 
of Water, heat tho liquid nearly to boiling, and add a slight excess of solution 
of pure potassium hydrate which has been permanently coloured by the 
addition of excess of bromine-water. 

Now heat tho liquid for some time nearly to boiling, allow the precipitate 
lo settle, and wash it with hot water three or four times by decantation. 
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Finfilly transfer tlie imKupitatc to a filter, anti contiime to wash it until tho 
washings cease to give a precipitate with barium chloride solution. 

Then dry the precipitate in the steam-oven, and ignite it in a platinum 
cnieilde apart from the filter (104, IO5), heating the crucible at first in the 
HunscMi datiK', and finishing by lu'aling it more strongly (98)- The llame must 
not be allowed to enter the crucible during the heating process, since the hot 
gases of the flame might naluce the oxide of nickel to metallic nickt‘1, axid 
thus cause the resulting weight to be too low. 

Xotf 1. — If non volatile organic substances are present in the solution, these 
must bo removed before pn'eipitating the nickel (126, Note). 

An Electrolylic Method for determining Ni is given in paragraph 219. 


E.stimattox ok Ton alt m Solution. 

128. The Cobalt i3 precipitated as an indefinite mixture of Hydroxides : which is 
dried, ignited in a current of Hydrogen, and weighed as Metallic Cobalt. 

Weigh out accurately about 0'5 gram of crystallised cobalt sul))hate, 
CoS() 4.7H20. The salt must be freshly prepared as it is elHorescent. Dissolve the 
salt in about 100 c.c. of water in a porcelain or platinum dish, and heat the solution 
nearly to boiling. 

Add to the boiling liquid a slight excena of pure potassium hydrate solution 
which has been pormanontly coloured by the addition of Hr-watcr in excess : 
black cobaltic liydroxide will be precipitated. Wash the ])rccipitato with boiling 
water three times by decantation ; then transfer it to a filter, and wash it on the 
filter until the washing-water is free from alkali. Dry the precipitate in the steam- 
oven, and ignite it together with the filter (99) in a porcelain crucible. 

'I'he residue will consist of an iiidefinito mixture of OoO and COjjO^ together with 
traces of alkali and silica. Wash this with hot water until the washing-water is 
free from alkali, then dry and ignite it again. Now place either an inverted clay 
tobacco-pipe, or u Hose’s lid and tube, upon the crucible (Figs. 54, 55, page 5(i), 
and continue the ignition while a gentle current of pure dry hydrogen ia passed 
through the pipe or tube (Note). 

The contents of the crucible are heated to dull redness in the stream of hydrogen 
for about fifteen minutes, and the metal is then allowed to cool in the stream of 
gas. 

The ignition in hydrogen must be repeated until the weight becomes constant. 

From the weight of metallic cobalt finally obtained, the percentage of cobalt 
in the compound may be calculated. 

No/c.—The hydrogen is generated by the action of pure dilute sulidmric acid 
upon granulated zinc (1012). ori'j x>ipp1ied from a cylinder of the compressed gas 
(I0I3)' It must bo complei«ly dried by being pa.s.scd tluough strong sulphuric 
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Estimation of Ikon in its Soluble Compounds. 

129. The Iron is precipitated as Ferric Hydroxide; this is 
ignited, and weighed as Ferric Oxide, FejOa. {Noir 1.) 

Woij^h accurately about 0*5 gram of ferrous ammonium sulphate, 
Fe(XK4).,(S04)2-6H,,() (108 c), into a 500 c.c. boraker {II6), or, belter, into a 
porcelain or platinum dish (III, 12). Dissolve this in about 100 c.c. of dis 
tilled water, containing a little dilute sulphuric acid. 

Convert the ferrous into ferric salt by heating the solution and then 
adding gradually sufficient strong nitric acid or brornino-wator [Note 2). 
This change is known to bo nearly complete when the addition of the 
last drop of strong nitric acid produces no brown colour in the solution, 
or when the colour of the bromine is retained by the liquid for about ten 
minutes. The change to ferric salt should bo proved to be complete, by 
adding a small drop of the dilute solution to a drop of freshly piepared 
potassiiun fcrricyanido solution on whit© porcelain, when no blue colour 
must appear. 

To the hot solution of the ferric salt add a little AmCl solution and then 
AtnClT solution in excess, and boil. VVa.sh the precipitate twice by decanta- 
tion ; then transfer it to the tllter, u.sing the filter-pump to hasten the filtra- 
tion. Continue the washing with the wash-bottle until the washing-water 
gives no precipitate with BaClj solution. 

Dry the precipitate in the steam-oven, and then transfer it to a crucible. 
Incinerate the filter apart (IOI-IO5) and add it to the precipitate. Finally, 
ignite the precipitate at a bright red heat over the Bunsen flame until its 
weight is constant. 

From the weight of the FejOs thus obtained, the percentage of iron may 
be calculated. 

Xo/c 1.— If non-volatile organic substances are present, these must be removed 
before precipitating the iron (126, i^ote.). 

If the iron is present either as the ferrous or ferric salt of a volatile acid, includ-* 
ing sulphate, it can be readily converted into Fe.j03 by evaporation with sulphuric 
acid, and subsequent ignition to bright redness over the Bunsen-flame as long as 
It cont inues to lose weight. 

Note, 2.— Solutions of ferric salts will not require the above preliminary treat- 
ment with nitric acid, or bromine-water, but may be precipitated at once with 
AmOlI solution. 

Volumetric Methods for Estimating Iron will be found in paragraphs 308- 
314. 322 and 323. 
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Estimation of Aluminium in its Solutions. 

130. The Aluminium is precipitated by Ammonium Hydrate 
solution, as Aluminium Hydroxide ; this is converted into Oxide, 
AlaOy, by ignition, and is weighed as such {Notes 1, 2). 

Weigh out accurately about 0 6 gram of pure rocrystallised potassium 
alum, AIK(S 04 ) 2 . 121120 (Exp. 21, 107)> ^ SOO c.c. beaker (Il 6 ),or, bettor, 

into a porcelain or platinum dish (III, 12). Dissolve the salt in about 100 c.c. 
of water, add ammonium chloride solution in moderate quantity {Note 3), 
and then ammonium hydrate solution in slight excess. Cover the dish with 
a clock-glass, and licat the liquid to boiling. Continue the boiling until 
the liquid smells only faintly of ammonia. 

Wash the preci|iitato by decantation, and transfer it to a filter, using the 
tilter-pump t(J facilitate filtration. Continue the washing of the precipitate 
upon the filter until the washing-water is free from sulphate ; dry the filter 
and precipitate in the steam-oven, unless tnoy have been already considerably 
dried by use of the filter-pump, and ignite the precipitate together with the 
filter in a crucible (Exp. 19, page 60). Heat the crucible gently at first, and 
finally expose it to a white heat over the blowpipe-flame. Repeat the ignition 
until (ho weight becomes constant. 

From the weight of AI3O3 thus obtained, the percentage of aluminium 
may be calculated. 

Note 1. — If the student has already estimated aluminium (Exp. 19, page GO 
the process need not be repeated hero. 

Note 2. — If non-volatilo organic substancee are present, these must be removed 
before the A 1 is precipitated ( 126 , Note). 

If aluminium is present only in the form of chloride, nitrate or sulphate, it 
may bo directly converted into Al^Oj by evaporation with sulphuric acid and 
subsequent ignition over the blowpipe until the residue ceases to lose weight. 

Note 3. — Aluminium hydroxide may exist in solution in the colloidal state. It 
is precipitated from this solution in the gelatinous form by .the addition of 
ammonium choride. 


„ Estimation on Chromium in Solutions of Chromio Sai/ts. 

13 1 . The Chromium is precipitated by AmmQnlum Hydrate as Hydroxide; 
this is converted into Oxide, CrgO,, by ignition, and is weighed as such {Note). 

Weigh out accurately about O'G gram of pure rccrystallised chrome-alum, 
CrK(,S 04 ) 2 . 12 H 20 , into a porcelain or platinum dish. Dissolve the substance in 
about 100 c.o. of water, add a little AmCl solution and then a slight excess <'f 
ammonium hydrate solution. Then heat the contents of the dish to a temporaiuro 
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just below the boiling-point, and continue the heating until the supernatant lirjuid 
becomes perfectly colourless. 

Then filter, wash, dry, and ignite the precipitate in the same manner as was 
described in the estimation of aluminium (130). 

From the weight of the Cr^Og thus obtained, the percentage of chromium is 
calculated. 

Nole.—U non-volatile organic substances are present, they must be removed 
before precipitating the chromium (126, Note), 


Estimation of Chromium in a Soluble Cuuomatb. 

132. The Chromate is reduced to a Chromic Salt by Sulphurous Acid, or by • 
some other suitable Reducing Agent : the Chromium is then precipitated as 
Hydroxide and is estimated as Cr^Og (1 3 1). 

Weigh out accurately about 0'6 gram of pure potassium dichromate, 1^2^1.207, 
and dissolve it in about 100 c.c. of water. Add a strong aqueous solution of sulphur 
dioxide, or pass sulphur dioxide gas through the liquid, until the rod colour of the 
solution changes to pure bluish green. 

Estimate the chromium in this solution in the same manner .as ha.s been 
described above (131). 

A Volumetrio Process for estimating Chromate will be found in paragraph 

354. 


Estimation of SO4 in a Soluble Sulphate. 

133. The SO4 is precipitated as BaSo*, and is weighed in this 
Form {Notes 1 , 2 , page 80), 

VVcigh out about 0-6 gram of pure reorystallised CUSO 4 . 5 H 2 O (E.xp. 22 , 107) 
mk) a 500 0 . 0 . beaker. Dissolve this in about 100 c.c. of distilled water 
containing a little dilute HCl, and heat the solution to boiling {Note 3 , page 80). 

To the boiling CUSO 4 solution add exce.s 3 of boiling BaCla solution drop 
by drop, and keep the liquid just boiling for about fifteen minutes. Then 
allow the white precipitate to subside. Pour off the supernatant liquid 
through a filter, taking care not to disturb the precipitate. Wash the preci- 
pitate twice by decantation. Finally, transfer it to the filter, and continue 
the washing until the last tew drops of the washing- water give no turbidity 
with AgNO, solution. 

Dry the filter with the precipitate, and ignite the precipitate apart from 
t 0 filter (IOI-IO5), preferably in a platinum crucible {Note 4 , page 80). 

Before igniting the precipitate detach it os completely as possible from the 
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filter. Then ignite the precipitate and the filtcr-ash together for about 
fifteen minutes at a dull red heat, allow the crucible to cool, and weigli it. 
These operations must bo repeated until the weight is constant. 

Any BaS04 whicli is loft adhering to the filter-paper will be reduced to 
BaS during the incineration of the filter. If BaS is thus produced in any 
appreciable quantity it will cause the weight of the precipitate to be too biw. 
The BaS in the filter-ash .should therefore be converted into BaSO^ by the 
following procedure. 

The filter-ash, which has been dropped into a separate part of the crucible, 
is moistened with two drops of dilute HCl, and a drop of dilute HoSO^ is addod. 
The contents of the crucible are then very gently heated until the liquid has 
been evaporated, great care being taken to avoid loss by spirting. The 
crucible and its contents are finally strongly ignited, and are weighed after 
they have been allowed to cool. 

Prom the weight of BaS04 **^1^ obtained, the percentage of SO4 may 
be calculated. 

Nok. 1 . — This estimation need not be repeated here, if it has been already carried 
out (Exp. 20, 105). 

Note 2. — The presence of nitric or chloric acid causes the BaSO^ to bo niingli d 
with a precipitant of barium nitrate or chlorate. Since these salts cannot ho 
removed from the BaSO^ by washing, the nitric or chloric acid must bo removed 
by evaporation with HCl before the sulphate is precipitated by BaCl. . 

Certain metallic salts also show a tendency to be precipitated with the BaSO^. 
Ferric and copper salts may give trouble in this way and are best removed by 
suitable precipitants before the addition of the BaCl^ solution. Potassium salts 
and other substances are removed from the BaSO^ precipitate by the method 
described in Note 4 below. 

Note 3. — It is well to add about 20 0.0. of strong ammonium chloride solution ; 
the precipitate of BaSO^ will then be granular, and will therefore subside rapidly 
and be readily filtered. 

Note 4. — When very accurate results are required, the precipitate should be 
purified in the following way from co- precipitated substances. Moisten the 
precipitate in the crucible with a few drops of watej, then add a little very dilute 
hydrochloric acid, warm gently and decant off the liquid through a small fiber. 
Repeat this operation several tim,e.s, dry the crucible, incinerate the filter, adding 
the filter-ash to the precipitate, ignite and weigh again. 


Estimation of SO4 m an Insolubl* Sxtlphati. 

X34. If the Sulphate is Insoluble In Water and In Aoida it must be decom- 
posed by fusion with alkaline carbonates. The following example will illustrate 
this process : 

Weigh out accurately about 0 5 gram, of pure finely powdered BaSO* into a 
platinum crutdble, and add to it about 6 grams of finely powdered fusion mixtuir^ 
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(Na.COT + KjCOj). Mix the substances in the crucible by stirring them with a 
thill glass rod rounded at its end. Then heat the covered crucible over a small 
Bunsen flame, the size of which is gradually increased until the alkaline carbonates 
begin to fuse. Now change the position of the crucible lid until a slight opening 
is formed, through which the progress of the fusion can be watched, and so adjust 
the (lame that the alkaline carbonates remain in a fused condition for at least ten 
minutca. Complete the process by heating the crucible over the blowpipe flame. 

Now cool the crucible rapidly by placing it upon a mass of iron. Then lay it 
upon its side in a porcelain dish or beaker, and allow it to stand in cold distilled 
water until the solid mass can be readily detached from its interior by a glass rod. 
This process may bo hastened by heating the water. 

Remove the crucible from the water by a clean pair of tongs, and carefully 
rinse it out into the solution with the wash-bottle. Crush any solid particles 
which remain, filter the liquid, and wash the undissolved BaCOj upon the filter 
with boiling water, until the washing-water gives no alkaline reaction. Mix the 
filtrate with the washings, and acidify the liquid with dilute HCl, gtiarding against 
loss by effervescence (66). 

Then precipitate the sulphate as BaSO^ from the acidified solution, as is directed 
in paragraph 1 33. 


Ksttmatiox of Barium in it.s Soi-urt.* awd Insoudblb CoMrotrsns. 

135. The Barium is iirecipitated from solution as Barium Sulphate, and is 
weighed as such (133, Noie 1 ). 

Weigh out accurately about 0-.> gram of pure rocrystallised barium chloride 
(BaCl2.2H20) into a 500 c.c. beaker {li6), and dissolve it in 100 c.c. of water, to 
which some dilute hydrochloric acid has been added. 

Heat the solution to boiling, and add a slight excess of boiling dilute sulphurio 
acid. Wash the precipitate by decantation ; filter, wash and dry the precipitate, 
and ignite it as was described under the estimation of sulphate (133). 

From the weight of the BaSO^ thus obtained, calculate the percentage of 
barium. 

136, Barium Compounds, which are Insoluble in Acid, are first subjected 
to fusion with alkaline carbonates (1 34). The barium carbonate residue, which is 
left upon the filter, after the fused mass has been treated with water, is well washed 
and transferred to a beaker. *T’lii3 may be effected by pushing a hole through 
the filter with a thin glass rod, and then ringing both rod and filter with the stream 
from the wash-bottle. 

Hot dilute HCl is then poured through the filter into the beaker, in order to 
dissolve the BaCOj still adhering to the filter as well as that in the beaker. The 
filter is then washed well, the washings being allowed to flow into the beaker. The 
solution is finally precipitated and the weight of the BaSO^ is determined as is 
directed above '(135). 

Iho weight, of Ba is then calculated from the weight of BaSO^. 
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Estimation of Strontium in its Soluble and Insoluble Compounds. 

137. The Strontium is precipitated from solution as Strontium Sulphate, and is 
estimated as such. 

Weigh out accurately about 0*5 gram of pure prccipitat<'(l strontium carbonate, 
SrCOj (109, Exp. 25), into a covered 500 c.c. beaker (l 16). Dissolve the carbonate 
in a little dilute HCl, and add about 50 c.c. of di-slilled water. Add dilute sulphuric 
acid in excess to this solution. Then add a qiiantity of methylated spirit, about 
equal in volume to the li(iuid in the beaker, in order to render the precipitation 
complete. Allow the liquid to .stand until the precipitate has .subsided ; then filter 
and wa.sh the precipitate with methylated spirit until the washings give no precipi- 
tate with BaCl, solution. Dry the precipitate in the steam-oven, and ignite the 
precipitate as was described under the ignition of BaSO^ (I33)- 

From the weight of SrSO^ thus obtained, the percentage of strontium may l)e 
calculated. 

138. Strontium Compounds, which are Insoluble In Acids, are fused with 
alkaline carbonates (134). The residue, which Is imsoluble in water, is dis.solved 
in HCl (136), and the Sr is precipitated as is directed above (137). 


Estimation of Sulphur in Sulphides. 

139. The Sulphide is converted by a Suitable Oxidising Agent 
into Sulphate, and the Sulphate is precipitated and estimated as 
Barium Sulphate, BaS 04 . From the weight of BaS04 obtained, the 
weight of sulphur, which was originally present a.s sulphide, is calculated. 

The choice of the oxidising agent to be employed will depend upon the 
nature of the .sulphide which is to be oxidised. Throe methods are described 
below. 

The first method (I40) is specially applicable to soluble sulphides. 

The other two methods (I4I, I42) are used for insoluble sulphides. 

140. Oxidation by Bromine. — The solution of sulphide may be oxidised 
by adding bromine-water free from sulphuric acid {Note), and then gently 
warming the liquid. 

The solution is at first coloured by the bromine, but the colour disappears 
as the''oxidation proceeds. In order that the oxidation may be known to be 
complete the bromine-water must be added until the warm liquid retains its 
colour for about ten minutes. The liquid is then boiled until the bromine 
has been expelled, and the sulphate produced by the oxidation is precipitated 
by BaClj solution, as is directed in paragraph 133. 

Bromine is freed from sulphuric acid by careful redistillation, and is 
then shaken with water until the water is saturated. This bromine-water miwt 
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rfCLiohta ™ «“ “>0 addition 

141. Oxidationby Sodium Peroxide.— Weigh accurately about 0-5 gram 

of very Hnely i«wdcrcd zincblcndc, free from lead, into a platinum crucible 
(A’otf). Mix it intimately in the cnicible with about 4 grams of the sodium 
IKioxidc in very tine powder, and heat the covered crucible by supporting it 
a bou t two inches above a small Jiun.sen Hame. 

'Pile ma.ss will glow throughout, and will then settle down in the fused 
condition. Allow the inas.s to remain fused for three minutes and extract 
It, when It 1.S cool, with water (134), taking duo precaution against loss of 
liquid which might arise from the elferveseenee caused by the evolution of 
oxygen. Neutralise the greater part of the NaOff, if the liquid is strongly 
'" ■li! ™ ‘■’o if necessary, acidify the clear solution 

sohitionjl^gi “ ‘=>‘'»ido 

in “''I'"? PWinum somewhat seriously, it is well 

lodtr ""f oontah motamc 

I hn -I 1 platinum and sjxiits the crucible. A small qusntitv of 

t d ii:th?e"''‘n‘'''7^r O" platiniirfo ,ro „t ft 

of mv«n!f ’’I Acid.-Weigh out accurately about 0 5 gram 

dure into the ^‘nn-blcnde, free from lead, into a 300 0.0. flask. Intro- 

solution (Fig 34' p gf®“J'‘™'‘“*““®'*nP''n™ntlo.ss by spirting during 
When the now f I' P®""'®'' ®°'n® ni^ng nitrio acid, 

in the water bathu ni‘h" " f'’ “’’nin'i’ boat the flask 

The sob r ' Z!* “"'P'*“''’ '"b'oh may separate at first, has dissolved. 

' n CO tt‘Tdd ‘bo acid 

'bm;ic;cid,andtTm^ ^ ™*- 

diloridrtTcolvlrUhrf^ tbe liquid to a ^rcelain dish, add a little sodium 

uid evaporate th I ' a T* “"'Pb“™ n®'** “‘o non-volatile sodium sulphate, 
aporate the liquid to a small volume over the water-bath. 

irithstrChiltf ^®P®n‘®<iiy evaporating the solution to dryness 
dilute the Uqif d wiib ? ’ “ “ T" “ “‘"® ®®‘‘‘ baa been expelled, 
natb Bad, solution P®®®‘P“'‘‘® ‘b® sulphur, present as sulphate, 

> and weigh the BaSo4 thus formed (133). 

Smooths composition of zinc-blende is variable, and the mineral seldom consist. 
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of pure ZnS, the theoretical percentage of sulphur required by the formula ZnS 
is rarely found. The accuracy of the analysis must therefore be checked by makinir 
a duplicate determination of the sulphur. 

A Volumetric Method for estimating HjS will be found in paragraphs 339 
341; another method, depending on the evolution of H^S is described under Iron 
and Steel analysis (534). 


E.STIMATrON OF SO, IN A SuLPHITB. 

143. The Sulphite is converted into Sulphate hy the addition of Bromine- water, 
and is estimated as Barium Sulphate, BaSO,. 

Weigh out accurately about 0*5 gram of crystallised sodium sulphite, 
Na2S03.7H20, into a .700 c.c. beaker. Dissolve it in about 100 c.c. of water, con- 
taining a little dilute HCl. Then add bromine- water free from sulphuric acid 
(140, Note), until the liquid remains distinctly yellow in colour. Now nearly 
cover the beaker with a clock-glass and boil the liquid until the bromine is expelled. 

To the colourless liquid add BaCl2 solution in exce.ss, and determine the weight 
of the BaSO.i precipitate in the manner already described in paragraph 133. 

From the weight of BaS04 thus obtained, the porcemtago of 803 pi e.sent in the 
sulphite may he calculated. 

A Volumetric Process for estimating sulphite is given in paragraphs 342- 

344 - 


Estimation of S2O3 in a THiosuLniATR. 

144. The Thiosulphate is converted into Sulphate by Bromine-water, and is estimated 
as Barium Sulphate, BaS04. 

For practice in this process about 0-.7 gram of recrystalliscd sodium thiosulphate, 
NagSgOa-.^HoO, is accurately weighed and is dissolved in water. Brominc-wator, 
free from sulphuric acid (140, Note), is then added until the solution remains yrllotf 
in colour, and the liquid is heated until the sulphur, which separates, is rcdissolvccl. 
'J’he excess of bromine is then removed by boiling the liquid, and the sulphate w 
estimated as is described in j)aragraph 133. 

From the weight of BaSO^ obtained, the percentage of S^Oj is calculated. 

A Volumetric Process for estimating thiosulphate is given in paragraph 

345 


Estimation of Calcium in its Soluble Compounds. 

The Calcium is precipitated from the solution of the calcium 
salt as Calcium Oxalate, which is converted either into Carbonate 
or into Oxide, and is weighed as such. 

145* Weigh out accurately into a 600 0.0. beaker about 0*6 gram of preci- 
pitated calcium carbonate (109. Exp. 25 ), or of Iceland-spar. Pour in some 
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water, and add dilute hydrochloric acid gradually in quantity sufficient to 
diasolve the carbonate, guarding against loss of liquid by elTervescence ( 65 )- 
Dilute this solution with water until its volume is about 100 c.c. 

Heat the liquid nearly to boiling. Then add a slight excess of ammonium 
hydrate solution, and finally add a boiling solution of ammonium oxalate in 
moderate excess. Allow the liquid to stand until the precipitate has subsided. 

JVci/c.— The precipitate of CaC„0^ usually settles very slowly, and passes at first 
through the filter. To obviate the.se inconveniences the method of precipitation 
may be altered as follows. 

Make the liquid alkaline, and heat it to boiling. Then take away the flume 
and add gradually about 1 gram of pure finely powdered ammonium oxalate, 
while stirring continuously, and again heat the liquid to boiling. When the flame 
ia taken away, the precipitate will subside in a few minutes. 

As soon as the precipitate has completely subsided, pour oS the liquid 
through a filter, taking care not to disturb the precipitate. Wash the preci- 
pitate in the beaker two or three times with hot water by decantation. Finally, 
transfer the precipitate to the filter by means of a glass rod tipped with rubber 
tubing, and a wash-bottle with a fine jot. Wash the precipitate on the filler, 
until the last few drops of the washing-water no longer render silver nitrate 
solution turbid. Then dry the filter and precipitate in the steam-oven. 

146. The Precipitate of Calcium Oxalate is now converted into Car- 
bonate. With this object it is transferred, as completely as possible, to a 
platin>im crucible. The filter-paper is burnt in a platinum-wire spiral (lOI), 
and the ash is allowed to drop into the crucible. The crucible is then covered 
with the lid and is heated very gently ; it is finally heated for about twenty 
minutes to a temperature sufficient to cause the bottom of the crucible to 
appear faintly rod when it is shaded from direct light. The crucible is weighed, 
after it has been allowed to cool in the desiccator, 

Ao/e. — The burner represented in Figs. 57, 68 (p. 67) will bo fotmd specially 
suitable for the above purpose, .since by its means a moderate ami uniform tempeni- 
ture i.s easily obtained. The platinum capsule shown in these figures may also 
advantageously replace the crucible. 

After the crucible has been weighed, its contents should bo moistened with 
strong ammonium carbonate solution. It is then dried in the steam-oven, 
heated again to faint redno.ss for a few minutes, allowed to cool, and once more 
I weighed. These operations must be repeated until the weight no longer 
increases by the treatment. The object of the above procedure is to ensure 
the conversion into carbonate of any calcium oxide, which may have been 
formed by heating the precipitate too strongly. 

From the weight of CaCOj thus found, the filter-ash is subtracted, and the 
percentage of calcium may then be calculated. 
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147. Convenion of th® Calcium Carbonate into Oxide — If the weight of the 
calciuin carbonate, obtained by igniting the oxalate, does not exceed one gram, 
the result of the above estimation may be controlled by weighing the calcium also 
as oxide. Indeed, if the original precipitate is small in amount, the oxalate may 
with advantage be converted directly into oxide, and be weighed as oxide instead 
of as carbonate. 

In order to convert the calcium carbonate into oxide, the cnicible and its 
contents are heated to brigjht redness (98) for fifteen minutes ; they, are then 
allowed to cool, and arc weighed. The crucible is once more heated for live 
minutes in the same way, and is weighed again after it has cooled. These operations 
must be repeated as long as they cause the crucible and its contents to lose in weight. 
The weight of substance finally left in the crucible is that of the calcium o.xide 
and the filter-ash. 

From the weight of CaO thus found, the percentage of calcium may be calcu- 
lated. 

A Volumetric Method for estimating Calcium is given in paragraphs 326-328. 


Estimation ot in a Soi.UBLe Oxalati. 

148. The Oxalate is precipitated as Calcium Oxalate, either in neutral solution 
or in a solution rendered acid by acetic acid. The Calcium Oxalate is then ignited 
and is weighed either as Carbonate or as Oxide. 

Weigh out accurately about 0 *.') gram of pure crystallised ammonium oxalate, 
(NH4)2C204.H20, and (Iksolvc it in about 100 c.c. of water. Hcatthesolutionto 
boiling, and precipitate the oxalate by adding a solution of calcium acetate in 
slight excess. Filter ofl the precipitated calcium oxalate and convert it into carbo 
nate or oxide by ignition, as has been described in the estimation of calcium (146- 
147)- 

From the weight of CaCOj or of CaO thus obtained, the percentage of C, 0 ^ is 
calculated. 

A Volumetric Method for estimating oxalate is given in paragraph 325* 


Estimation of Chlorine in a Soluble Chloride. 

149 . The Chlorine is precipitated as Silver Chloride, AgCl, and 
is weighed as such {Note 1). 

Weigh out accurately about 0*3 gram of pure sodium chloride (I09» 
Exp. 26), and dissolve this in about 100 c.c. of cold water in a 500 c.c. beaker. 

*Add to the cold solution a little dilute nitric acid, ond then excess of silver 
nitrate solution. Shield the precipitate from daylight as much as possible 
during the whole of the estimation, since AgCl darkens in the light and suffers 
slight decomposition and loss of weight during this change. Heat the liquid 
in the beaker for some time, taking care not to let it boil ; this will cause the 
small particles of AgCl to unite together into flocks. 
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Wash the precipitate in the beaker by decantation three times with hot 
water containing a little nitric acid ; then transfer it to a filter {Note 2), and 
continue the washing with water acidified with HKO3, and finally with hot 
water only. The washing may be considered to be finished, when the addition 
of a drop of hydrochloric acid to the last few drops of the washing-water 
produces only a very faint turbidity {NUe 3). 

Dry the precipitate in the steam-oven, ^en ignite it apart from the 
filter-paper in a 'porcelain crucible, following one of the three methods (150- 
152) which are described below. 

From the weight of silver chloride obtained, the percentage of chlorine is 
calculated. 

Note 1. — If a heavy metal is present in the solution, a basic chloride may be 
formed. Any heavy metal should therefore be removed by precipitation with 
AmOH, KOII or Na^CO., .solution before the estimation is commenced. 

Note 2. — If a Gooch crucible (82) is used the washing is ranch more rapidly 
cfTected. The crucible and contents are dried first at 100° C. and finally at 130° C. 
until the weight is constant. 

Note 3.— The filtrates and washings from the above estimation contain silver, and 
should bo pre.served in the silver-residue bottle together with the precipitate (153). 

150. First Method.— The precipitate is detached from the filter-paper as 
completely as possible, and is placed in a porcelain crucible. The filter is 
folded and rolled up, carefully keeping the small portion of adherent preci- 
pitate in the centre of the roll and out of contact with the wire (lOI, 102). 
The paper is then supported by a coil of platinum wire, and is incinerated in 
the usual manner. 

During the incineration of the filter, metallic silver is always formed. This 
will alloy with the platinum if it comes into contact with the red-hot wire, 
causing a loss in the weight of the AgCl found. This explains the necessity of 
keeping the precipitate from contact with the wire during incineration 

The filter-ash is added to the precipitate in the crucible, and the metallic 
silver in the ash is converted into chloride by moistening the ash with two 
drops of strong nitric acid, and then adding two drops of hydrochloric acid. 
'I he excess of acid is finally removed by evaporating cautiously to dryness. 

The crucible is then gently heated over a small Bunsen flame, until the 
silver chloride begins to fuse at its edges. It is allowed to cool in the desic- 
cator, and is weighed. The ignition should be repeated until the weight of 
the silver chloride becomes constant. 

Note . — The possibility of loss of Ag from thw source is reduced in proportion 
to the care with which the AgCl is removed from the paper. The loss is entirely 
avoided by employing either of the methods described in paragraphs 104, 15 !• 
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151* Second Method.— The method described in paragraph 105 is '' ch 
suited for the ignition of this precipitate, since silver chloride can be readily 
transferred without loss from the filter to the crucible. 

The dry precipitate is turned out upon a piece of glazed paper, and is 
covered with a funnel. The filter is then folded, and its upper edges, which 
are free from silver chloride, are held in the flame by means of the crucible 
tongs, and the ash thus produced is allowed to drop into the crucible. Or the 
filter may bo cut into strips, which are separately burnt in the crucible. The 
removal of any unburnt carbon from the ash is completed by heating the 
crucible. The ash is now treated with nitric acid and then with hydrochloric 
acid as is directed above and is dried by evaporation. The precipitate 
is finally transferred to the crucible and is ignited with the ash. 

152. A Third Method of igniting the precipitate and burning the filter is 
described under the estimation of bromide, which follows in paragraph 154, 

153 . Removal of AgCl from the Crucible.— .After the determination has been 
finished, the silver chloride may be detached from the crucible as follows : Place 
on the silver chloride a few pieces, of granulated zinc, and pour in sufficient 
dilute sulphuric acid to cover the zinc and the chloride completely. 'Die silver 
chloride will be gradually reduced to metallic silver, which is easily detached from 
the crucible and poured off with the liquid into the silver residue bottle. 

Two Volumetzio Methods for estimating chloride are given in paragraphs 

373» 37^. 


Estimatiok ow Beominb in a Solublb Bromidb. 

154 . The Bromine is precipitated as Silver Bromide, AgBr, and is weighed as 
such. 

Weigh out accurately about 0*3 gram of pure sodium bromide, NaBr, and 
proceed to estimate the bromine which it contains by a method similar to that 
described for estimating chlorine in a chloride ( 149 ). 

According to this method, solution of hydrobromio acid is required for tlie 
conversion of silver in the filter-ash into silver bromide. Hydrobromio acid sola 
tion is rarely kept in the laboratory, and the neces.sity for using it may be avoided 
by adopting the following special process of weighing the filter-ash. 

Transfer the precipitate from the filter to a porcelain crucible as completely 
as possible, and ignite it in the .same manner as has been already described for the 
silver chloride precipitate ( 150 ). Allow the crucible to cool, and weigh it. 

Incinerate the filter in a coil of platinum wire, allow the ash to fall into the 
weighed porcelain crucible containing the precipitate, and then weigh the crucible 
again. The increase of weight of the cnioible after the ash has been added, less 
the weight of the filter-ash, will give the weight of metallio silver which has been 
formed from the AgBr which remained adhering to the filter-paper. 

Almost the whole of the precipitate is thus weighed as AgBr. The weight of 
the AgBr which remained in the filter-paper is calculated from the weight of silver 
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found in the filter-ash. This weight is added to the weight of AgBr already 
obtained, and thus the total weight of the original silver bromide is found. 
From thb weight the percentage of bromine is calculated. 

A Volumetric Process is described in paragraph 373 . 


Estimation oj Iodini nr a Solublk Iodidi, 

155. The Iodine is precipitated as Silver Iodide, Agl, and is weighed as such. 

Weigh out accurately about half a gram of pure potassium iodide, HI. 
Proceed to estimate th(‘ iodine which it contains, in a similar way to that already 
described for the determination of chlorine in a chloride (149). 

The silver iodide, which remains adhering to the filter, is not reduced to metallic 
silver during the incineration of the filter, as is the case with the chloride and the 
bromide : the special treatment of the filter-ash is therefore unnecessary. 

Silver iodide, however, undergoes appreciable lo.ss by volatilisation when it is 
heated to a high temperature. Care must therefore be taken to detach the precipi- 
tate as completely as possible from the filter, so a.s not to expose any appreciable- 
quantity of silver iodide to the high temperature produced by the incineration of the- 
filter. The silver iodide in the crucible must also, for the same reason, be heated 
only to a dull red heat. 

From the weight of Agl obtained, the percentage of iodine is calculated. 

A Volumetric Process which serves for estimating iodide is given in paragraph 

373* 


Estimation of CIO, in a Solublk Cnloratk, 

156. The Chlorate Is converted by a suitable Reducing Agent Into Chloride 
and is estimated as SUver Chloride (149). 

Weigh out accurately about 0'3 gram of pure recrystallised potassium chlorate, 
RCIO,, into a 500 c.c, beaker. Dissolve the salt in about 100 c.c. of water, and 
add 50 c.c. of a 10 per cent, solution of ferrous sulphate crystals. Heat the liquid 
with constant stirring until it begins to boil, and maintain the boiling for fifteen 
minutes. Then allow the liquid to cool and add nitric acid until the precipitated 
basic ferric salt is dissolved. 

Precipitate the chloride, which has been produced by the deoxidation of the 
chlorate, with silver nitrate, and collect and weigh the AgCl as has been described 1 
in paragraph 149. 

From the weight of AgCl thus obtained, the percentage of CIO, is calculated'. 

A Volumetric Method for estimating chlorate is given in paragraph 355. 
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Estimation of Cyanogen in a Soluble Cyanide. 

157 , The Cyanogen is precipitated as Silver Cyanide, AgCN, and is weighed as 
such ; or the AgCN is ignited, and the Ag is weighed. 

Weigh out accurately about 0'5 gram of potas.sium cyanide, KCN, and dissolve 
it in about 100 c.c. of water in a 500 e.c. beaker. Add excess of silver nitrate 
solution, and then acidify the liquid with dilute nitric acid. Allow the precipitate 
to settle in the cold, and treat it in one of the following way.s (a, b). 

(a) Wash the precipitate in a Gooch crucible { 82 ) or on a fared iilter( 86 ), and 
dry it at 100“ C. in the air-oven until the weight is constant. From the weight 
of AgCN thus obtained, the percentage of cyanogen may bo calculated. 

(b) Wash the precipitate on an imtared filter ; dry it in the steam-oven ; ignite 
the filter in a porcelain crucible, and then add the precipitate ( 105 )- Heat the 
crucible again over the Bunsen Hanie and weigh it, and repeat the ignition until 
the weight becomes constant. From the weight of metallic silver which remains 
after the complete expulsion of the cyanogen, the percentage of cyanogen present 
in the original cyanide can bo calculated,- 

Note . — Commercial i>ota.ssium cyanide is not pure, and varies in composition ; 
hence it will not yield the theoretical percentage w’eight of cyanogen corresponding 
to the formula KCN. In order to check the accuracy of the result obtained, it 
is necc.ssary either to use chemically pure potassium cyanide or to make a duplicate 
determination of cyanogen in the commercial salt, 

A Volumetric Method for estimating cyanide is given in paragraph 374 . 


Estimation of Silver in its Soluble Compounds. 

158. The Silver is precipitated as Chloride, and is weighed as 
such. 

Weigh out accurately about 0*3 gram of pure recrystalli.sed silver nitrate, 
AgNOj, and dissolve it in about 100 c.c. of cold distilled water ; then add a 
small quantity of dilute nitric acid. 

To this solution add dilute hydrochloric acid, with constant stirring, and 
in slight excess. The addition of another drop of HCl must not cause any 
further precipitate in the clear liquid from which the precipitate has subsided. 

Boil the liquid containing the precipitate for a short time ; then decant 
the liquid, and wash the precipitate three times by decantation with boiling 
water containing a little HNO3. Transfer the precipitate to the filter, and 
complete the washing with water acidified with HNO3, and finally with hot 
water only. 

As soon as the washing-water is shown to be free from chloride, by remain- 
ing clear when it is tested with AgNOj solution, dry the filter containing the 
precipitate in the steam-oven. Then ignite the precipitate in a porcelain 
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crucible, apart from the filter, in the manner described under the estimation 
of chloride (150-I52). 

From the weight of silver chloride thus obtained, the percentage of silver 
can be calculated. 

Volumetric Methods for estimating silver are given in paragraphs 37 1 , 372, 


Estimation of Lead in its Soluble Compounds. 

159. The Lead may either be precipitated as Carbonate, which 
is converted by ignition into Oxide, and is weighed as such (160) ; 
or the Lead may be precipitated as Sulphate, and be weighed as 
such (161). 

160. Estimation of Lead by precipitation as Carbon ^v6e, and con- 
version into Oxide, PbO. — Weigh out accurately about 0*5 gram of crystal 
lisod load acetate, Pb{C2H302)2..‘IH20, and dissolve it in about 100 c.c. of 
distilled water containing a little acetic acid. Add ammonium carbonate 
solution, containing a small quantity of AmOH, in slight excess, and warm. 
Addition of the ammoniacal salt in large excess must be avoided, since this 
would redissolve some of the precipitate which is formed. 

Wash the precipitate until it is free from alkali, and dry it in the steam- 
oven. Detach the dry precipitate from the filter-paper as perfectly as pos- 
sible, and ignite it in a porcelain crucible. Since lead very readily alloys with 
platinum, the methods described in paragraphs 104, 105 will be found most 
suitable for the incineration of the filter. ^ 

After the filter has been burnt, moisten the ash with nitric acid, and 
remove the excess of acid by cautious evaporation. Now heat the precipitate 
together with the filter-ash to redness in order to expel the carbon dioxide 
completely from the precipitate, taking care not to fuse the residue of lead 
oxide. 

As soon as the weight becomes constant after repeated ignition, the 
percentage of lead can be calculated from the weight of PbO found. 

161. Estimation of Lead by precipitation as Lead Sulpliate, and 
weighing the Sulphate. — Weigh out the lead acetate and dissolve it in 
Water as is described above (160). Then add dilute sulphuric acid in slight 
excess, and mix with the liquid twice its volume of methylated spirit. This 
addition of alcohol is necessary in order to render the precipitation complete. 
Allow the precipitate to settle, and filter off and wash it on the filter with 
“ethylated spirit until the sulphuric acid is removed. 
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Dry the precipitate in the steam-oven, and ignite it apart from the filter 
(104, 105). Then reconvert any lead sulphate, which has been reduced 
during the incineration of the filter, into sulphate, by treating the filter-ash 
with a few drops of nitric acid and one drop of dilute sulphuric acid. Evapo- 
rate the excess of the acids, and finally ignite the dried residue. Then heat 
the crucible repeatedly to dull redness until the weight of the sulphate becomes 
constant. 

From the weight of PbSO^ thus obtained, the percentage of lead is calcu- 
lated. 

▲ Volumetric Method for estimating lead is given in paragraph 329. 


Estimation of Bismuth in its Soluble Compounds. 

162. The Bismuth is precipitated as Carbonate, and is subse- 
quently converted into Oxide by ignition, and is weighed as such. 

Add water to the solution of bismuth nitrate 1), acidified with nitric 
acid {Note 2), until the volume of the liquid is about 100 c.o. Then add solu- 
tion of ammonium carbonate in very slight excess, and heat for a short time. 
It is necessary to guard against the presence of a large excess of ammonium 
carbonate in the liquid, since the bismuth carbonate precipitate is distinctly 
soluble in this reagent. Filter, wash and dry the precipitate, and ignite it 
apart from the filter, as is described under the estimation of lead as PbO 

^(160). 

From the weight of Bi203 thus obtained, the weight of bismuth may be 
calculated. 

Note 1 . — It sheiild be noted that neither chloride nor sulphate of bismuth must 
be present in a .solution in which bismuth is to be estimated by this method, since 
these salts are first conveited by ammonium carbonate into basic chloride or 
sulphate, which is not decomposed by the further addition of ammonium carbonate. 
A solution containing chloride, sulphate, or other salt of bismuth may be precipi- 
tated as sulphide ; the sulphide is then dissolved by heating it with somewhat 
dilute nitric acid ; this solution is filtered, if necessary, and is then precipitated 
by ammonium carbonate as is directed above. 

Note 2 . — In order to obtain a known weight of bismuth nitrate in solution for 
carrying out the process described below, pure bismuth oxide, Bi^Oj, is ignited to 
redness until ita weight is constant : about half a gram of the oxide is exactly 
weighed, and is dissolved in a little dilute nitric acid. 
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Estimation of Zinc in its Soluble Compounds. 

163. The Zinc is precipitated as Carbonate, and is subsequently 
converted into Oxide by ignition, and is weighed as such. 

Weigh out accurately about 0*5 gram of pure recrystallised zinc sulphate, 
ZnS 04 . 7 H 02 (107, Exp. 22). Dissolve this in a 500 c.c. beaker in about 150 
c.c. of water. Heat the solution nearly to boiling, and add sodium carbonate 
solution in very slight excess. Boil for a short time ; then allow the preci- 
pitate to settle, and wash it three times by decantation with boiling water ; 
finally filter off the precipitate, and finish the washing on the filter. The 
washing should be continued until the washing-water shows no alkalinity to 
test-paper, and gives no precipitate with BaClj solution. 

Dry the precipitate in the steam-oven, and ignite it apart from the filter 
(lOI), using a porcelain crucible. 

In order to prevent the zinc oxide from being reduced during the incinera- 
tion of the filter, which would result in the loss of zinc by volatilisation, the 
following precautions arc neco.ssary. Tlio filter-paper must be freed from the 
precipitate as far as possible, and must then be wetted with strong ammonium 
nitrate solution and dried. It must then bo carefully incinerated at the tip 
of the llaino in a coil of platinum wire, and the ash added to the precipitate 
in the crucible. 

The crucible and its contents are heated to redness over the liunsen flame 
until the w'eight becomes con-stant, care being taken to guard against the flame 
entering the interior of the crucible during the ignition. The flame might 
reduce the zinc oxide, and cause loss of zinc by volatilisation.' 

From the weight of ZnO £hu 8 obtained, the percentage of zinc may be 
calculated. 

Volumetric Methods for estimating zinc are given in paragraphs 378 , 379 , 


Estimation of Manganese in its Soluble Compounds. 

164. The Manganese is precipitated as Carbonate ; this is con- 
verted by ignition into Mn304, and is weighed as such. 

Note . — A known weight of manganese in solution is most easily obtained by 
reducing a weighed quantity of pure potassium permanganate in solution by 
sulphurous acid. 

Weigh out accurately about 0*5 gram of pure recrystallised potassium 
permanganate, KMn 04 , porcelain dish. Four sulphurous acid 

solution upon the crystals, or pass sulphur dioxide gas into their aqueous 
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, solution, until the colour of the permanganate disappears. Continue the 
addition of sulphurous acid, until any oxide of manganese, which forms, is 
redissolved. Then add sodium carbonate solution in excess. 

Wash the precipitate first by decantation and then on the filter, until the 
washing-water gives no alkaline reaction to test-paper. Then dry the filter 
and precipitate in the steam-oven. 

Mix together the filtrate and washing-water, which always contain a 
little manganese, and evaporate the liquid to dryness in a platinum or porce- 
lain dish. Then treat the residue in the dish with hot water, filter, wash 
the insoluble hydrated oxide of manganese with hot water on a separate 
filter, and dry it in the steam-oven. 

Ignite both of the precipitates apart from the filters (lOI) in the same 
crucible, and proceed in the following manner to free the manganese oxide 
from the alkali which it still retains. 

Turn out the precipitate and ash into a small porcelain or agate mortar, 
add hot water, and rub the precipitate with the pestle to ensure thorough 
mixture of the solid with the water. Filter through fresh filter, and wash 
the manganese oxide on the filter with hot water until no sodium coloration 
is given to the liunsen flame, when the last drop of the washing-water is 
evaporated and ignited in a loop of clean platinum wire. 

Then dry the precipitate and ignite it apart from the filter (lOI) at a 
bright red heat (98), taking care that the flame does not enter the crucible. 
Repeat the ignition until the weight is constant (Note). 

From the weight of the MnaOi thus obtained, the percentage of manganese 
is calculated. 

* Ao/c.— The conipo.sition of this precifutato will vary with the temperature anti 
the degree of exposure to air during its ignition. It may, however, bo converted 
definitely into by dissolving it in sulphuric acid, carefully evaporating 

the solution of Mn.SO, to dryness and then heating the re.sidue to redness over the 
Bunsen burner. 

Volumetric Methods for estimating manganese dioxide are given in para- 
graph.s 35^“3S3» a method for estimating permanganate will be found in 
paragraphs 3 18-320. 


'Estimation of Magnesium in its Soluble Salts. 

165. The Magnesium is precipitated as Magnesium Ammonium 
Phosphate (MgNH4P04.6H20) ; this is converted by ignition into 
Magnesium Pyrophosphate, Mg-^PsO,, and is weighed as such. 

Weigh out accurately a;^ut 0*5 gram of pure rccrystallised magnesium 
sulphate, MgS04.7H20 (I07)jinto a 500 c.c. beaker. Dissolve this in about 
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50 c.c. of cold water, add a little AmCl solution, and then AmOH solution 
in moderate excess. 

The presence of AmHO in excess is necessary, since the phosphate preci- 
pitate is slightly soluble in pure water, but is practically insoluble in water 
containing ammonia. If a precipitate forms when the AmHO solution is 
added, this precipitate must bo redissolved by adding more AmCl solution. 

To the clear alkaline liquid add an excess uf sodium phosphate solution 
(iVo/c 1), and stir the liquid vigorously. Take care that the stirring-rod 
does not touch the inside of the beaker, as this would lead to deposition of 
the precipitate on the glass. 

Allow the liquid to stand at rest for twelve hours, and then filter it. This 
delay is locommended in order to ensure the complete precipitation of the 
double phosphate. But if tlie solutions are mixed in a stoppered vessel 
instead of in a beaker, and the mixture is at once vigorously shaken for five 
minutes, the precipitation is rendered complete without this lengthened 
standing, and the precipitate may bo filtered off in about half an hour. 

The precipitate is washed on the filter with AmHO solution. This is 
made by diluting one measure of AmHO solution, of 0'880 specific gravity, 
with three measures of water. The washing must bo continued until a few 
drops of the washing-water, after being acidified with nitric acid, give no 
opalescence with silver nitrate .solution. 

The precipitate is now dried in the steam-oven, and is either ignited apart 
from the filter (lOI), as is directed under (a) ; or the filter and the precipitate 
are ignited together (b). 

(a) The precipitate is detached as completely as possible from the filter 
and is transferred to a platinum crucible. The filter is incinerated in a coil 
of platinum wire, by heating it at first very gently and finally exposing it to 
a red heat. The filter-ash {Note 2) is thdh dropped into the crucible. 

The crucible is now covered with the lid, and is heated for about ten 
minutes gently by a small flame ; it is then healed to redness, and finally to 
bright redne.ss ( 98 )- It is now allowed to cool in the desiccator, and is 
weighed. The ignited precipitate should be perfectly white, and the igni- 
tion should be repeated until it ceases to lo.so in weight. 

(b) The precipitate may be wrapped up in the dry filter, and ignited at a 
red heat in a platinum capsule { 95 ). The use of the blowpipe is unnecessary. 
The process will usually require about twenty minutes. 

From the weight of MgjPjOv thus obtained, the weight of Mg may be 
calculated. 

Note 1. — Some authorities state that the addition of AmOH before the phosphate 
causes the formation of MgjPjO, which remains unalt|l(J|jl when it is heated. The 
following procedure will obviate this: To the boiling solution, which must be 
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neutral or slightly acid and free from ammonium gaits, add sodium ammonium 
phosphate or raicrocosinic salt solution, drop by drop, until precipitation is complete. 
The greater part of the magnesium will now have been precipitated as MgHPO^. 
Allow the solution to cool and add with constant stirring one-third its volume of 
ammonia solution of 0 88 specific gravity. 1’ho amorphous precipitate will be at 
once changed into crystalline MgNII^PO^.GHjO, and the magnesium still in solu- 
tion will be thrown down in the same form. 

Note 2 . — The ash should contain no particles of carbon. These may remain 
if the precipitate has been heated too strongly at first, since the precipitate is 
thus partially fuserl, and incloses charred pactticles of the filter which are then 
burnt only with extreme difficulty. 


Estimation of PO4 in a Phosphate. 

166. The PO4 is precipitated as Magnesium Ammonium Phos- 
phate, MgNH4p0i.6H20 ; this is converted by ignition into Mag- 
nesium Pyrophosphate, MgjPaO;, and is weighed as such. 

Weigh out accurately about 0-5 gram of pure rccry.sta I Used sodium phos- 
phate, Na.Jir04.12H20, into a ^(lO c.c. beaker, and dissolve it in about 
100 c.c. of w'ater. Add suflicient ammonium hydrate solution to make (lie 
liquid smell slightly of ammonia, then add a slight e.\ces.s of “ magnesia 
mixture ” (167)- Stir the liquid vigorously with a glass rod without touchiug 
the interior of the ves.scl, and allow the vessel to stand for at least twelve 
hours to ensure complete precipitation ; dr shako tl>e liquid vigorously in a 
stoppered glass cylinder for five minutes, when precipitation will be com- 
plete (Note). Then treat the precipitate in the manner described under the 
estimation of magnesium (165)* 

From the weight of Mg2P307 thus obtAiniK^the percentage of PO4 may 
be calculated. 

Note . — The precipitation may also be effected as js described in Note 1 (165)1 
the “ magnesia mixture ” being added before the ammonia solution. 

167. Preparation of “Magnesia Mixture.”— Dissolve on® part of crystal- 
lised magnesium sulphate, or, better, the equivalent weight of magnesium chloride, 
in eight parts of distilled water. Dissolve in this solution two parts of ammoniiuu 
chloride, and then add four parts of ammonium hydrate solution of 0*88 spccifio 
gravity. Allow this mixture to stand for several days, and then decant the liquid 
from any solid matter which has settled dow^n. The clear liquid is used for the 
precipitation of phospnnre. 

168. Phosphates which are Insoluble in Water should be dissolved tn 
dilute nitric acid. The solution, which must contain very little phosphate, is 
mixed with a large excess of solution of ammonium molybdate in nitric acid (520), 
and the temperature of the liquid is maintained at about 40 *' C.’for some hours. 
The precipitate thus obtained is filtered off, and the filtrate is treated as aboyq 
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with additional molybdate solution. The whole of the prcripitato producible by 
the molybdate is then filtered off and washed with water containing a little nitric 
acid. It is then dissolved in ammonium hydrate solution, and this solution is 
precipitated by magnesia mixture as Is described above (l66). 

A Volumetric Method for estimating pho.sphato is given in paragraph 380. 


Estimation of AsO^ in a Soluht.e Arsenat*. 

169. The AsO, is precipitated as MgtNHJAsO^.eHaO ; this is converted by Igni- 
tion into MggASoO^, and is weighed as such. 

Weigh out accurately about 0-5 gram of pure rccry.stallisod .sodium arsenate, 
Na2HAs04,12H20, into a 500 c.c. beaker. Dissolve the .solid in about 100 c.c. of 
cold water, then add .some ammonium hydrate solution and exce.ss of niagnesi.a 
mixture (167). Stir well and allow the liquid to stand for twenty-four hours, or 
shako it vigorou.sly for five minutes in a stoppered glass cylinder. Then filter, 
and wash the precipitate thoroughly with ammoniuin liydrate solution as was 
described in the estimation of Mg (165). Finally, dry it in the .steam-oven. 

8cpurato the dry precipitate as cofuplelely as possil)Ie from the filter, ami i)!aco 
it on a sheet of glazed paper (105). Then saturate the filter with strong ammonium 
nitrate solution ; dry it, and iucitierate it in a porcelain ('rueible, heating gciitly 
at finst and gradually raising the temperature to a rod heat. 

As soon as the filter has been completely incinerated, transfi'r tho [)reeipitato 
also to the crucible {Note). Cover the crueiblo with a perforated lid earrying a 
gas-tube, as is shown in figure 54 or 55 (|)age 5 ( 3 ), and heat the preeipif.ate in a .slow 
current of oxygon, which may bo supplied from a cylinder of tho compressed gas 
(1013). Gradually raise the temperature to bright rcdne.ss, and then allow the 
crucible to cool, and weigh it. Repeat tho above process of heating in oxygen 
until the weight of the crucible and its contents bccome.s con.?tant. 

The above .special method of ignition is nece.ssnry in order to prevent tho 
occurrence of reduction and tho consequent loss of As by volntilisatibn ; it further 
serves to secure a residue of fixed composition. 

Irom the weight of MgjAsjO^ thus obtained, the pereentago of AsO. may be 
calculated. 

Ao/c,— Instead of healing the precipitate in a current of oxygen, a small crystal 
of ammonium nitrate may bo dropped into tho crucible, which is then heated 
gradually to redness, care being taken that tho flame does not enter the crucible. 


-E.stimation of Sodium in Sodium Chloride. 

170. The Sodium Ohlorid,? is converted into Sodium Sulphate, 
by treatment with H2S04 followed by evaporation and 
lotion, and is weighed as, such. 


7 
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I’his process is applicable to any sodium compound which, after it has been 
ticatcd with strong H2SO4 and the residue left after evaporation has theii been 
ignited, leaves pure NajjS04 as a residue. 

Weigh out accurately about 0-5 gram of purified NaCl ( 109 , Exp. 26) into a 
platinum crucible. Moisten this with as small a quantity of water as possible, 
and add concentrated sulphuric acid drop by drop, quickly replacing the 
cover of the crucible after each addition of acid. As soon as the whole of 
the salt has been acted upon, heat the crucible and its contents cautiously 
over a small Bunsen flame. 

The crucible should be supported in an inclined position, and be almost 
covered by the lid, a small opening only being left to permit the fumes of the 
sulphurio acid to escape ; and the heat should be applied near the top of the 
crucible, in order to prevent the liquid from creeping up the sides of the 
vessel (Fig. 60, page 58). 

White fumes must escape during the process of heating, since their evolu- 
tion proves that H 3 SO 4 has been added in excess. The crucible should be 
heated to redness for at least fifteen minutes after the fumes have ceased 
to appear. It is then allowed to cool in the desiccator, and is weighed. The 
above processes should be repeated until two consecutive weighings are 
identical, after the crucible has been reheated for five minutes. 

The saline mass becomes pasty during the process of heating. This is 
due to the change of the sodium bisulphate, which is first formed, into the 
less fusible normal sulphate. 

The change from bieulphato into normal sulphate may bo accelerated by 
the introduction of a little powdered ammonium carbonate into the crucible 
while it is faintly red hot. The lid is then replaced, and the crucible is strongly 
heated for a few minutes. TTiis treatment should bo repeated until the 
weight of the crucible and its contents becomes constant. 

From the weight of Na 8 S 04 thus obtained, the percentage of Na can be 
calculated. 


Estimation of Potassiiim in Potassium Chloride. 

Two methods of estimation are described. The potassium is either 
weired as platini-chloride (171) or as sulphate (172). 

171. The Potassium Chloride is precipitated as the Double 
Chlonde of Platinum and Potassium, K^PtOl,, and is weighed as 


enZw applicable to those potassium compounds which can be 

completely converted into potassium chloride by evaporation with hydrochloric 
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acid, since it is only as chloride that the potassium can bo completely precipitated 
by PtCl^ solution. 

Weigh out accurately into a 10 cm. porcelain dish about 0*25 gram of pure 
recrystallised potassium chloride (IO7). Dissolve this in a small quantity of 
water, and add a few drops of hydrochloric acid. Then add platinum chloride 
solution in such quantity that it contains a weight of PtCl, at least three 
times as great as that of the KCl used ; and evaporate the liquid on the 
water- bath, until a semi-solid crystalline mass is obtained. 

It is absolutely necessary that the platinum chloride should be present in 
excess. This is proved to be the case if the liquid is of an orange colour 
after it has been concentrated to a small bulk on the water bath. 

Proceed to treat the residue which is loft by evaporation, according to 
one of the methods {a) or (b) described below, of which (b) is somewhat the 
quicker. 

(a) First Method. — Pour alcohol upon the residue, using either absolute 

alcohol or rectified methylated spirit. Gently shake the liquid round in the 
dish, so as to mix the contents uniformly together. Allow the precipitate to 
settle completely, and pour off the liquid through a tarea filter or through 
two counterpoised filters (86» b). Repeat these operations twice, and 

finally transfer the undissolved double salt to the filter by means of a small 
wash -bottle containing alcohol. 

Wash the precipitate upon the filter with alcohol until the washings are 
no longer coloured ; then dry the filter with its contents in the funnel at 
100° C., and transfer it while hot to a weighed tube (Fig. 6, page 9), or to a 
small weighed beaker covered with a watch-glass ; then weigh the whole. 

The w'eight of the precipitate must now be ascertained after it has been 
dried at 160” C. (87). As this temperature would char the filter, the following 
special procedure is necessary. If the quantity of the precipitate suffices, 
the greater part of it may be transferred to a weighing-bottle and weighed, and 
then heated in the air-oven to 160” 0. until its weight becomes constant. The 
weight which the whole precipitate would have at 160’ C. may be calculated 
from this result. 

If the precipitate is small in amount, as much as possible is removed to a 
clean watch-glass : tho remainder is dissolved off the filter by a few c.c. 
of liot water into a crucible and evaporated to dryness ; the precipitate from 
the watch-glass is then added, and the whole is dried at 160” C. and 
^'eighed. 

(b) Second Method. — Wash tho precipitated double salt with alcohol in 
the dish by decantation until tho alcohol is no longer coloured. Then decant 
off the alcohol through an untared filter-paper, taking care that as little as 
possible of the precipitate is poured off with the alcohol. Now rinse tho 
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double salt by means of the alcohol wash-bottle into a platinum crucible, dry 
it at 160° C., and weigh it. 

Incinerate the filter’ (lOI), which will contain a little of the double salt, 
drop the ash into the crucible, and again weigh the crucible. The weight of 
the filter-ash is now deducted from the increase noted in the weight of the 
crucible, and the approximate weight of platinum which has been left in the 
filter-ash is thus found. The weight of double salt which would contain this 
platinum is calculated, and this weight is added to that of the double salt 
already found in the crucible {Note 1). 

From the weight of the double salt, KjPtClg, thus found, the percentage of 
K can bo calculated {Note 2). 

Note 1. — If the quantity of precii)itato which was loft on the filter is appreciable, 
the weight of KCl which remains unchanged in the filter-ash will introduce an error : 
this weight cannot bo allowed for, sitico much of the KCl will have been lost by 
volatilisation. If great accuracy is necessary, iho filter is ignited in a separate 
crucible ; tho KCl is then washed out from tho ash by hot water, and the dried 
residue is weighed. The true weight of tho [)latimim in the ash is thus ascertained, 
and the weight of double chloride which contained it is calculated, and is added 
to that already found. 

Note 2. — If the modern atomic weight for platinum, 105 2, has been adopted, 
the weight of K found is too low, O’his is duo to (be fact that tho formula KoPtCl® 
does not represent prcci>cly tho composition of tho dried preci])itatc, tho molecular 
weight of which is slightly higher than that indicated by (his formula. If, how- 
ever, the old atomic I07'2 is a<loptod, the results obtained by calculation will be 
correct, and tho weight of tho double chloride when muitipliod by tho factor 
0 '30561 will give tho true weight of KCl whkh it contains, 

172. Estimation of Potassium as Sulphate.— The process is precisely similar 
to that described in paragraph 170 for sodium compounds. It is only suitable 
for those potassium compounds which leave pure potassium sulphate, KjSO^, 
when tho residue, left after evaporation with sulphuric acid, has been ignited. 


Estimation of Ammonium in its Compounds. 

The ammonia gas is driven off by heating the substance with caustic alkali 
solution, and is estimated either gravimetrically (173) or volametrically (295' 

296). 

173. The Ammonia is expelled by heating the ammonium com- 
pound with Sodium Hydrate Solution, and is absorbed in dilute HOI ; 
the Ammonium Chloride thus produced is precipitated as the Double 
Chloride (NH4)aPtCl, by Platinic Chloride, and is weighed as such. 

The General Description of the Process will be understood by reference 
to Fig. 67. The weighed ammonium compound is introduced into the deconi* 
position-flask (o), and the oaostio alkali solution is allowed to drop upon it 
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from the dropping- tube (6). When this flask is heated, ammonia is evolved, 
and is absorbed by the dilute acid in the cooled absorption- flask {h). The 
absorption-tube (n) contains glass moistened with dilute acid : this acid 
retains traces of ammonia which may not be arrested by the acid in the 
Husk (h). Tlie enlargement in the tube {d) re- 
ceives any acid which may be sucked back from 
Ihe absorption- flask (h), and prevents it from 
entering the decomposition-flask (a). 

Another form of apparatus sidtablo for this pro- 
C('ss and for that described in paragraph 295 will be 
found tigiired in paragraph 808. The ammonium 
c om pound is mixed with sodium hydrate solution 
in the large flask, and the ammonia Is expelled in 
steam by heating the large flask by a flame so an to 
keep the liquid boiling briskly, or steam is blown 
tlu'ougli ihe licjuid from a separate vessel as is shown 
in tlio figure. The .steam is condensed by a 
condenser (1016), and carries the ammonia into the 
acid in the receiving- flask. 

Description of the Apparatus (Fig. 67).— 

A 500 C O. round flask (a) is fitted with a rubber 
cork, through which passes a dropping-tube (6) 
of about 50 c.c. capacity. Tho lower end of this 
tube is drawn out to a fine point. 

Instead of a funnel, a 50 c.c. pipette may be Estimatton op Ammonia. 
used, tlio lower end of which is drawn out ; tlie '* 

up[)er end of the pipette is fitted with a piece of rubber tubing which can be 
closed by a screw-clamp, so as to prevent thi^liquid which it contains from de- 
scending into the flask (Fig. 68, b, p. 104 ). Tho screw-clainj) takes the place of the 
stopcock. 

This flask is connected by means of a bent tube, carrying a bulb (c), and a 
rubber joint with a 60 c.c. pipette (d). The connecting-tube and the top of 
tho pipette must bo of the same diameter, and their ends must be brought 
into close contact within the joint. This pipette passes through a rubber 
cork which is fitted in the neck of a 300 c.c. conical flask {h). The lower 
end of the pipette is drawn out to a fine point. Through the same cork a 
Biuall absorption-tube (n), filled with broken glass, also passes. 

Tho conical flask is filled to the depth of about half an inch with hydro- 
chloric acid, made by diluting the strong acid with six times its volume of 
water. The acid, preferably mixed with a drop of methyl-orange (268), is 
poured into the flask through the absorption-tube (n) containing the broken 
glass, and the glass is thus wetted with the liquid. The point of the pipette 
is adjusted so as to dip just l>elow the surface of the acid. 
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The whole apparatus should be screened, or placed in a furae-closet, in 
order to shelter it from draughts while it is being used, since the cooling action 
of an air-current renders the process very irregular. 

Description of the Process of Estimation.— About 1 gram of pure 
crystallised ferrous ammonium sulphate, Fe(NH4)a(S04)2.6H20, is accurately 
weighed, all crystals which show a yellowish tinge being rejected. The salt is 
introduced into the round flask (a), and is then dissolved in about 50 c.c. of 
water. 

The bulb of the dropping-tube (6) is now filled with sodium hydrate solution, 
prepared by dissolving one part of NaHO in four parts of water. The rubber 
cork, bearing the funnel and bulb-tube, is fitted into the flask, and is bound 
down with copper wire to the neck of the flask. The connection (c) with the 
other flask {h) is then made by means of the rubber joint. 

The contents of the round flask are now heated to incipient ebullition, 
and the NaHO solution is allowed to drop slowly into the flask by slightly 
opening the stop-cook of the dropping-tube {b). 

As the ammonia gas is driven off, it is absorbed by the acid in the conical 
flask {h), which is kept cool by being placed in a dish of water. 

The bulb-tube (c) arrests any alkaline liquid projected by spirting from 
the boiling flask. The bulb of the pipette (d) prevents the acid from being 
sucked back into the heated flask (a) by the absorption of the ammonia, 
since, as soon as the bulb becomes partially filled with the acid, the tip of 
the pipette is no longer submerged ; accordingly air passes up in bubbles 
through the pipette and restores the equilibrium. The point of the pipette 
must always be just immersed in the acid, and must therefore be occasion- 
ally raised as the volume of liquid in the flask increases by the condensation 
of steam. 

As soon as all the NaHO solution has flowed from the tube (ft) into the 
flask, the stop-cock is closed ; the flame is then raised, and the contents of the 
flask are kept boiling^briskly for about twenty minutes. Some acid must now 
remain un-neutraUsed ; this is known to be the case if the methyl-orange in 
the absorption-flask does not become yellow (268). 

The two flasks are now disconnected, and the absorption-flask {h), together 
with its pipette and absorption- tube, is rinsed out with water into a porcelain 
dish. Excess of platinum chloride solution is added to the contents of the 
dish : the liquid is evaporated on the water-bath ; and the (NH4)jPtCJj 
is estimated in the same way as the corresponding potassium salt (17^) 
except that the precipitate is finally dried at ISO**. 

Note.—lhr the reasons already stated (Note 2 , 171) the atomic weight 197 2 
should be adopted for platinum in calculating the result of the estimation : or the 
weight of double chloride obtained may be multiplied by the factor 0'20441 to 
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obtain the weight of NH^Cl, by 0 080'J5 to obtain the weight of NH^, or by 0 07013 to 
obtain the weight of NHj. 

The Determination may be ControUed by igniting the precipitate to redness, 
and weighing the metallic platinum which remains. 

For this purpose the crucible, containing the double salt with the filter above it. 
Is covered and heated very gently for a time. The lid is then removed and the 
heat is gradually increased, care being taken to burn away the carbon of the filter- 
paper completely. The contents of the crucible are finally heated to bright redness 
and the residue of metallic platinum is weighed. This residue does not require 
to be washed, as is the case with the estimation of potassium platino-chloride, 
since AmCl is volatile and cannot remain after ignition. 

The weight of platinum obtained must be multiplied by 0 54527 to obtain 
the corresponding weight of NH^Cl, by 0-18391 to obtain ND^, and by 0 17364 to 
obtain NHTj. Calculations involving the use of the atomic weight of Ft, 194-8, 
do not give correct results ( 171 , IJote 2 ). 


Estimation of Carbon Dioxide in a Carbonate. 

174. Three methods of estimation are described below 

The first method is the most trustworthy and accurate. By this method 
(175) the carbon dioxide is liberated, and is then absorbed and weighed 
directly. 

The second method (182-185) depends upon finding the loss of weight 
which the carbonate undergoes by the removal of its carbon dioxide. It is 
liable to yield somewhat high results (I 83 , iVo/e). 

The third method (186) measures the volume of COj which is evolved by 
the carbonate when it is decomposed by an ftcirl. 

X75- By Direct Weighing. The Carbon Dioxide gas is liberated 
by treating the Carbonate with an Acid ; it is then absorbed by 
means of Soda-lime, and is weighed. 

The General Description of the Process will be understood by referring 
to Pig. 68 . 

The carefully weighed carbonate is introduced into the flask (a), and is 
decomposed by acid from the pipette ( 6 ). The carbon dioxide which is 
evolved passes through strong sulphuric acid in the glass-bulb apparatus (d), 
fi^nd then through the tube (e) in which it is freed by copper sulphate from 
any hydrogen chloride which has been expelled by heat from the acid in the 
flask (a). The carbon dioxide is finally absorbed by the soda-lime contained 
in the weighed tube (/). 

The tube {q) contains calcium chloride, and is intended to prevent water- 
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vapour from passing back from the aspirator to the tube (/). The aspirator- 
bottle (A) serves to draw air through the whole apparatus at the end of the 
proct® BO as to carry over all the carbon dioxide into the absorption- 
u c (/) ; t US air is freed from carbon dioxide by passing through the soda- 
lime lube (r) on its way to the pipette (b) and the flask (a). 

Hie tube (/) is weighed at the end of the process, and the increase in its 
weight gives the weight of carbon dioxide which has been evolved from the 
known weiglit of carbonate. 

Detailed Description of the Apparatus. -The apparatus employed for 
this estimation consists of a 250 c.c. conical Hask (a) which is fitted with a 

Flo. C8. 



rubber cork bored with two holes. Through one of Ctn l, i 

tube (A Fifr r,7 n ion ten passes a dropplng- 

pj, I ig. 0 /, p. 101) ^50 pineife (V\„ nsi ja 4i i ^ 

saisslfpss 

This tube is intended to free tho air, which is nnair"f n” 
apparatus, from carbon dioxide. 

A piece of bent glass tube is pushed through the second hole of tlici rubber 
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cork in the flask (a) to the distance of about 2 cm., the lower end of the 
tube being cut off obliquely, as is shown in Fig. 67 (page 101). Attached to 
this tube are bulbs and U -tubes, connected with each other by rubber joints : 
these serve respectively for drying, purifying, and absorbing the carbon 
dioxide gas, as is explained below. 

The bulb-tube (d) contains strong sulphuric acid : it serves for drying 
the gas, and also acts as a gauge to indicate the rate at which the gas is pas- 
sing over from the flask (a). Liebig’s or Geisaler’s potash-bulbs serve well 
for this purpose. The sulphuric acid should half fill the three lower bulbs. 

The U-tube (c) has the limb nearest the bulb-tube (d) tilled with granular 
calcium chloride (179 The other limb of this U-tubo is tilled 

with dehydrated copper-sulphate-pumice (179) iu order to absorb any HCl 
which may be given off during the heating of the liquid in the flask (a). 

The stoppered U-tube (/), which is the absorption -tube for the CO.^ evolved 
from the carbonate ( 178)1 has the limb nearest to the copper-sulphate tube (e), 
the bend, and half the other limb filled with soda-lime ; the remainder of the 
tube is filled with solid calcium chloride. The soda-lime in this tube becomes 
heated when it absorbs CO, ; any moisture which is thus expelled is absorbed 
by the calcium chloride, and loss of weight by escape of moisture from the 
tube is thus prevented. 

The remaining tube (g) is filled with granulAT calcium chloride, and is shown 
in the figure to be in connection with a water-aspirator (h). The aspirator 
( 176 ) is connected with the calcium-chloride tube only w'hcn the evolution of 
CO, has ceased. It serves to draw air through the flask and tubes at the end 
of the process, and thus to carry the (X), over into the absorption-tube (/), 

176. The Syphon Aspirator is made from a Winchester qimrt-hottle (Fig. 
f'8, h) in the following way ; A sound cork bored with two holes is fitted into the 
nock of the bottle. Into one of these holes a piece of glass tube bent at right- 
angles is lilted, the tube passing just through the cork. Tliroiigh the other holo 
in the cork passes a tube, which is bent at right-angles and reaches to the bottom 
of the bottle. When tlio bottle is to be used as an aspirator, a rubber tuk\ extend- 
ing below the level of the bench on which the bottle stands, is attaclied to the 
longer glass tube, which is thus enabled to act as a syphon. A screw-clamp on 
the rubber joint serves to regulate the outflow of the water. 

The bottle is now tilled with water, and suction is applied to the lower end of 
the rubber tube until it is filled with water. A continuous stream of water will 
hnw out tlirough the syphon-tube after the suction is stopped. Air will enter the 
hotllo through the shorter tube to supply the place of the water. A continuous 
t'urrcnt of air can accordingly be slowly drawn through the series of tubes and the 
llask by attaching them by rubber tube to the shorter tube in the bottle after 
the rate of aspiration has been regulated by the sorew-olamp. 

177- Preparation of the Abaorptlon-tuhes.— -Figure 69 represents a con- 
'^enient form of U-tube for containing the solid absorbents. The tube is wa.shcd 
perfectly clean and then rinsed with distilled water. It is then dried in tlie steam- 
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Fig. 69 . 


oven, or more quickly by driving a current of air through the tube by means of a 
foot- bellows while it is being heated gently over a Bunsen flame. ^ 

When the absorbent is in the tube, it must always be protected from the 
external atmosphere. This is effected by closing the vertical limbs with corks, 
pushing over the side-tubes short pieces of rubber 
tubing closed with little plugs of glass rod. The 
side-tubes are only unstopped when the U-tube is being 
connected for use in the process of absorption, and while 
it is being weighed. 

The granulated solid, which is to be introduced into 
the U-tube, must be freed from fine powder, which 
would stop the passage of the gas. But since the solid 
particles absorb gas or vapour by their exterior only, 
they should bo small and uniform in size so as to expose 
the largest possible absorbent surface. 

A suitable granular powder may be produced in the 
following manner; The solid is coarsely powdered in 
a porcelain mortar, and this powder is then shaken 
upon a perfectly dry and clean fine brass- wire sieve of twenty strands to the inch. 
The powder which passes through is rejected. The remainder is freed from large 
lumps by causing it to pass through a coarser sieve of eight strands to the inch. 
The particles which pass through thb sieve are used for filling the absorption- 
tubes. The larger pieces, which do not pass through the coarser sieve, are broken 
up again in the mortar, and are subjected once more to the above processes of 
sifting. 



The U-tube is filled with the granular solid almost up to the level at which the 
side-tubes enter. Loose plugs of cotton-wool or glass-wool are then inserted 
to prevent the solid particles from entering the side-tubes. Two sound corks 
of suitable size arc softened by pressure, and arc fitted into the open ends of the 
U-tube. Each cork is then cut off level with the top of the tube, and a little melted 
paraffin-wax is brushed over the cork to make it perfectly gas-tight. The 
stoppered U-tube (178), which is commonly used only when weighing is necessary, 
may also be used as an ordinary absorption-tube, and vice verad. 


178. The Stoppered U-tube. — The stoppered tube differs from he one just 
described by having a hollow stopper, open below, ground into the upper part of 
each limb. Those stoppers are wiped perfectly clean with filter-paper and are 
then greased with a little lard or vaseline to make them fit air-tight in their seats. 
At the side of the hollow stopper, and on a level with the entrance of the side-tube, 
is a perforation ; so that by simply turning the stopper round in its seat, communica- 
tion between the U-tube and the side- tube may be opened or closed at pleasure. 

It will be seen that by this arrangement the contadt of the absorbent with th« 
atmosphere may be prevented by simply turning the stopper, and caps for the 
side-tubes are unnecessary. This closed stoppered tube can accordingly be weighed 
in a more leisurely fashion than the open tube, since it cannot increase in weight 
during the process. Solid particles are prevented from entering the side-tubes 
by loosely filling the hollow stoppers with plugs of cotton-wool or glass-wooL 

179. Tlie Copper-iulpbate-pumlce, which the tube («) oonteins in addition to the 
calcium chloride {Note\ may be made in the following way : Pumice-stone is granu- 
lated by powdering and sifting it in the manner already described (177). It i* 
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then heated with a moderately .strong solution of cop{)er-.sulpliate, and the 
liquid is poured off. Tho pumice, which is now saturated with the solution, is 
heated in the air-oven to a temperature of 200® C. until the blue colour of the 
copper salt disappears, and is used for partially filling the tube (e) a.s has been 
already described. 

iVofe.— Calcium chloride almost invariably contains a little cau.stic lime, which 
would absorb some carbon dioxide gas before it could reach the proper absorp- 
tion-tube (/), and would lead to a low result being obtained in tho estimation. 
Before using tho calcium chloride for tube (e) it is therefore always desirable to 
pass a current of dry carbon dio.xide gas through it in a U-tube, then to allow 
the tube to remain filled with the gas for about thirty minutes, and finally to 
replace the CO 2 by passing a current of dry air through the tube. 

180. Testing the Apparatus. — As soon as the tubes have been connected 
with one another and with the decomposition-flask by means of rubber tubing, 
the apparatus should be tested in the following manner in order to ascertain 
whether it is gas-tight. To the last U*tube {g) is attached a piece of glass 
tube, which dips into a beaker of water. Gentle suction is applied at (c) so 
as to cause the water to ascend about 16 cm. iir the glass tube, and the screw- 
clamp on (6) is then closed. If the level of the water in the tube does not 
fall after an interval of about ten minutes, the apparatus is air-tight. 

If tho level of the water in the tube descends, the apparatus must admit 
air. The faulty rubber connection must then be found out, and the rubber 
must bo bound upon the glass tube with fine copper wire. If this is insufficient, 
tho rubber joint must be re|>laced by a new one. 

181. Description of the Process of Estimation.— As soon as tho 
apparatus has been proved to be air-tight, the estimation may be proceeded 
with as follows ; 

The absorption-tube (/) is first wiped clean and dry, and carefully weighed ; 
it is then connected in its place in the series of U -tubes. About 1 gram of 
precipitated calcium carbonate {IO 9 , Exp. 25), or of Iceland spar, is accu- 
rately weighed into the flask (a). Tho funnel-tube or the pipette {h) is then 
filled by suction with hydrochloric acid, which has been made by diluting 
the strong acid with three times its volume of water, afid the acid is kept in 
the pipette by closing the clamp at the top. Tho cork carrying the pipette 
is then inserted into the neck of the flask and is bound down by means of thin 
copper wire. The aspirator (A) and the tube (c) are not attached until a later 
stage of the process. 

The clamp above the pipette, or the stop-cock of the dropping-tube, 
is now slightly opened, and the acid is allowed to drop slowly upon the 
calcium carbonate in the flask. Carbon dioxide gas will be evolved, and 
^11 drive out the air of the flask. The bubbles should pass through the 
acid-bulbs at such a speed that they can be easily counted 
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As soon as all the acid has flowed from the pipette into the flask the clamp 
or stop cock is closed, and the point of the pipette is carefully pushed down 
beneath the surface of the liquid in the flask. 

When no further effervescence occurs, the U*tube (c) and the aspirator 
are attached, the clamp above the pipette or stop-cock is opened, and slow 
aspiration is started. At the same time a small Bunsen flame is placed 
under the llask, .so as to maintain the liquid at incipient ebullition and expel 
the dis.si)lved COo. The current of air, which is drawn through the apparatus 
by the a.sjiirator, di.splaces the CX).2 from the flask, the bulbs, and the tirst 
U-tube, and carries it into the absorption-tube (/). The speed of the air- 
current is so regulated by means of the clamp attached to the as[)irator that 
the bubbles can be counted as they pass through the bulb-tube (d). 

The soda-lime in the tube (/) becomes heated by its chemical combination 
with CO2 during the early stages of the process. It cools again as the absorp- 
tion of ( iOj ee<a.scs. Hence most of the CO2 gas is known to have been alxsorbod 
when the absorption-tube (/) becomes cold. 

In order to ensure the pa.s.sage of the whole of the carbon dioxide into 
the absorption-tube (/), a volume of air, equal to about six times the capacity 
of the flask («), .should bo drawn through the apparatus. 

The U-tule(/) is then di!5connected. The stoppers are at once turned so 
as to clo.se I he side-tubes ; or, if the ordinary U*tube has been used, the rubber 
stoppers are slipped upon the side-tubes. The tube is weighed in abimt half 
an hour, after it has a.ssumed the temperature of the air. The inere.ise of 
weight wliich it has undergone is the weight of COj originally present in the 
calcium carbonate taken. 

BVem these weights the percentage of COq in the CaCOs can be calculated. 

182. Estimation of Carbon Dioxide by Difference. The Carbon 
Dioxide gas is driven off by treating tbe Carbonate with an Acid, 
and the loss of weight, thus caused, gives the amount of Carbon 
Dioxide in the Carbonate. 

This method is sometimes applied to the decomposition of a carbonate by 
dilute HCl or HNO3, but it is better suited for carbonates which are com- 
pletely decomposed by H3SO4. When one of the more volatile acids is 
used the re.siilts obtained are usually too high, since part of the acid is driven 
off when the liquid is heated at the end of the process. This loss may be 
prevented, when dilute HCl is used, by causing the CO2 to pass over copper- 
Bulphatc-puraice ( 179 ) before it leaves the apparatus ; any HCl is absorbed and 
retained by the copper sulphate. 

Two forms of apparatus are described below for use in this pn)oess in 
paragraplid 183 and 184. 
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183 . The Schrotter Apparatus, shown in Fig. 70, is made of thin blown glass ; 
its total weight should not exceed 50 grams. A modified form of this apparatus 
(Fig. 71) should be used when the carbonate Is de- 
composed by dilute hydrochloric acid. E.ach figure Fjq. 70. 


r 'pre-sents the apparatus at one- third its actual size. 

Description of the Apparatus . — It consists essen- 
tially of a flask (a), in which the decomposition of 
the carbonate is eflccted. Communicating with 
this flask there are two reservoirs ( 6 ) and (c) ; also 
a stoppered opening (d), which serves for intro- 
ducing the carbonate. 

The reservoir {h) is filled with the dilute acid. 
This acid is afterwards introduced gradually into 
[a) by removing the stopper and then turning the 
stop-cock ; it serves to decompose the carbonate. 

The reservoir (c) is half filled with strong sul- 
phuric acid, which dries the CO, gas as it leaves the 
apparatu.s. The gas pa.sses up through the vertical 
inner tube, then down again and out through the 
two holes at the base of the second tube. It then 



The Schrotter Fla.sk. 


bubbles up through the strong sulphuric acid before making its escape through 


the upper exit- tube into the air. 


The Process of Eslimation . — The proportion of CO 2 in pure sodium carbonate 
may be estimated by this method. The salt may bo prepared by heating the pure 
bicarbonate in a platinum crucible to a dull red 


Flo 71. 



^odimbd Schbotter Flask. 


heat, until it no longer loses weight by repeating 
the ignition. About 1 gram of this pure sodium 
carbonate is weighed with accuracy, and is intro- 
duced into the apparatus through the opening (d). 
The receptacle (b) is then nearly filled with sul- 
phuric acid, which has been diluted with five times 
its volume of water and cooled, and the recep- 
tacle (c) is half filled with strong sulphuric acid. 
The apparatus is then accurately weighed. 

The dilute acid in (5) is now allowed to flow 
slowly into (a) by removing the stopper and 
gradually turning the stop cock. As the acid 
attacks the carbonate, bubbles of gas will be seen 
passing through the strong acid in (c). The speed 
at which these bubbles pass must be so regulated, 
by adjusting the flow of the dilute acid, that they 
can bo easily counted. If they pas.s more rapidly 
than this, the gas will not be perfectly dried. 

As soon as all the dilute acid has flowed into 


the flask, and bubbles of gas no longer escape, 
apparatus is placed upon wire-gauze on a tripod-stand over a small Bunsen 
^ At the same time the aspirator ( 176 ) is attached by a piece of rubber 
fo the exit-tube of (c), and a gentle current of air is drawn through the flask. 
® iquid in the flask is heated just short of boiling, until a volume of air, equal 
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to about three times the capacity of the flask and tubes, has been drawn through 
them. The flask is then allowed to cool, and is linally weighed. The loss of 
weight which it has suffered gives the weight of carbon dioxide in the sodium 
carbonate used. 

Note . — This method is not suitable for very accurate analyses. The results are 
usually too high, since water may bo lost from the apparatus during the heating 
and aspiration. 

184 . Decompontion by Dilute HydrocMoric Add. — Keane’s modification (Fig. 
71) of the Schrottor apparatus should be used when the carbonate is acted upon 
by dilute hydrochloric acid instead of by sulphuric acid. The apparatus generally 
corresponds to that shown in Fig. 70, but the upper part of the drying-chamber 
(c) is connected by a ground joint with a tube (A), which is filled with copper-sulphate- 
pumice ( 179)1 tb® pumice being kept in its place by plugs of glass-wool above and 
below. The small exit-tube (n) is ground into this absorption-tube below, and is 
greased or wired so as to make it keep its seat. 

The absorption-tubo may bo turned round in the ground socket of the dryin!:- 
chamber. Tho exit-tube can thus be brought into a convenient position for being 
connected with tho aspirator, while the flask is being heated. When the tube i.s 
in tho position shown in the figure, the whole apparatus is compact and will be 
stable on tho scale-pan. 

'ITio addition of this absorption-tube causes the apparatus to yield results 
with hydrochloric acid which arc as satisfactory as those usually obtained with 
sulphuric acid 

185 . A Simple Form of Apparatus, which may be fitte'd from materials which 
are available in any laboratory, is shown in Fig. 72. 

It consists of a light 120 c.c. fla.sk with a short wide neck. A short doubly 
perforated rubber stopper is fitted into tho neck, and 
Fro. 72. tube, A A, which passes nearly to the bottom 

of the flask, and a small calcium chloride drying* 
tube, G. Tho external ends of these tubes arc 
fitted with short pieces of rubber tubing, which are 
closed with small rounded glass rods. 

The dilute acid required for decomposing the 
carbonate is contained in ^ short tube, E, the length 
of which must be so adjusted that it stands 
>bliqucly in the flask without touching the stopper 
and witnout slipping into a horizontal position. 

The procedure with this apparatus differs from 
that with the preceding apparatus ( 183 ) in several 
details. 

^ As soon as all b ready for tho decomposition, and 

CO, Estimation Flask. the whole apparatus has been weighed without tho 
caps, the cap is restored to the tube AA, and the acid 
ia caused to flow slowly upon the carbonate by tilting the flask, so as to cause a 
gradual evolution of the CO,. When aU the acid has been poured from tho tube 
and the effervescence has cea.sed, the flask b warmed, and finally the cap of the 
tub© A A b removed, and a slow stream of air b drawn by tho aspirator ( 176 ) 
through the drying-tubo and flask to displace tho CO,,. The caps are then restored ; 
and the apparatus is weighed again, wpout the caps, as soon as it cold. 
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// dihU Hydrochloric Acid is used for the decomposition of the carbonate, the 
bulb of the absorption -tube {(') must bo filled with dried copper-aulpliatc-pumice 
(179) in order to prevent loss of HCl from the apparatus, the cylindrical part 
of this absorption tube containing granular calcium chloride. 

186. Estimation of Carbon Dioxide by measuring the Volume of 
Gas evolved by the action of an Acid upon the Carbonate. -The 
description of this method will be found in paragraph 900. 

A Volumetric Method for estimating CO, in air is given in paragraphs 912- 
914. 


A Method for the Estimatioh of ih ah Oxalate. 

187. The Oxalate is mixed with Manganese Dioxide, and the mixture is heated 
with Sulphuric Acid. The weight of the CO., evolved is either found by absorption 
by Soda-lime or by the loss of weight of the Apparatus. The weight of the CO, 
evolved is equal to that of the C.^04 in the oxalate. 

The following equation represents the reaction : 

+ MnO, + H,SO, « 2 CO, + 211^0 -f MnSO,. 

It must be remembered that free oxalic requires to be neutralised by Am HO 
before it can bo estimated by this procc.ss. 

The different forms of apparatus which are used in the estimation of CO, 
(Figs. 68 , 70 , 72 } may be used for this determination. 

Weigh out accurately about 0'6 gram of finely powdered pure ammonium 
oxalate, (NH^l^CjO^.HjO, and intimately nii.x it with about three times its weight 
of finely powdered manganese dioxide, which must bo free from carbonate. (See 
Hoic below.) 

Introduce this mixture into the decomposition-flask. Add to it dilute sulphurio 
acid, and conduct the operation exactly as has been described above (I75~l85), 
starting the decomposition by heating the flask. The weight of the CO, evolved 
gives the amount of C,04 in the oxalate taken, and from this the percentage of 
oxalate may be calculated. 

A’ofc.— The manganese dioxide which is used in this estimation must be care- 
fully tested for traces of carbonate. If any carbonate is found, the oxide should 
be finely powdered and heated for about fifteen minutes with a little very dilute 
sulphuric acid. The oxide is then washed free from acid, and dried. 

A Volumetric Method for the estimation of an oxalate is given in paragraph 
325* and another Qravimetrio Method is given in paragraph 148. 


Estimation of Water, present in the Free or Combined 
State. 

188. Three methods are described below for^estimating the water adhering 
^ or ohemioally combined with, a substance. 
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The first and second methods (l89> applicable to substances which 

lose all their water, but undergo no further change in composition, when 
they are heated. The water may be estimated in such cases by the loss ol 
weight which the substance suffers when it is heated to a suitable temperature 

The third method (IQI) is generally applicable to all substances. But it is 
necessarily resorted to for substances which, when they arc heated, not only 
part with their water, but also undergo further chemical change which is 
attended with alteration in weight. 

Instances of such substances arc furnished by ferrous hydrate and ferrous 
carbonate, which increase in weight by oxidation when they are heated in the 
air ; the latter undergoes change of weight also by loss of CO2, an effect 
usually produced by heating a carbonate. The water, which is evolved when 
such substances are heated, must be absorbed by a weighed desiccating agent, 
and must bo est imated by the increase of weight which the absorbent undergoes 
by taking up the water. 

189. The Substance is dried by Heating it in a Steam-oven or 
other suitable apparatus (59, 61, 1022), and the loss of weight is 
estimated. 

This Method is applicable to substances which losd their Moisture, 
without undergoing further chemical change, when they are heated 
moderately. 

Weigh out accurately about 1*5 grams of crystallised oxalic acid, 
H2C2O4.2H2O, between the weighed pair of watch-glasses with clip (Fig. 7, 
page 9). Then remove the up|)er glass and clip, and heat the lowi r glass 
containing the substance for about two hours in the steam-oven. Replace 
the upper glass and the clip, and weigh the glasses with their contents, after 
they have cooled in the desiccator. 

Repeat the above processes of heating, cooling, and weighing, until two 
successive weighings give the same result. The water, which can bo expelled 
at 100°, is then known to be connilctely removed, and its percentage amount 
may be calculated from the loss of weight which is suffered by the substance; 
taken (II3). 

190. The Substance is dried by Igniting it, and the loss of 
weight is estimated. 

This Method is applicable to substances which lose all their 
Water, without suffering further chemical change, when they are 
heated to a high temperature. 

Thi^ method is generally to be preferred to any other, if the nature of 
the substance to be dried permits of its adoption, since it can be carried 
out with greater ease and rapidity. 
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Weigh out accurately about 1 *5 grams of linely powdered pure reeryslallised 
barium chloride, BaCl 2 . 2 H 20 , into a platinum crucible of known weiglit. 
ITcat the covered crucible gradually over a small Bunsen llamc, slowly raising 
the temperature until the bottom of the crucible is at a dull red heat. Uemove 
the lid and keep the crucible at this temperature for at least lifteen minutes ; 
then allow it to cool in the desiccator, and weigh it. 

Repeat the above proeessi'.s, heating for live minutes only, until two con- 
secutive weighings give identical resulte. I'lie water, which can b(! removed 
by ignition, is then known to have been expelled ; and its ju reentage amount 
may bo calculated from the loss of weight which has been caused by heating 
the weighed substance (113), 

IQI, The Substance is Heated to a suitable temperature, and 
the Water-vapour is conveyed by a stream of gas into an Absorbent 
Substance and weighed. 

This Method is applicable to substances which lose their water 
when they are heated, but which also undergo further change of 
weight during the process owing to some other chemical change. 

General Ikscriplion of the Proces,‘t . — The process will he \indci'slond hy 
reference to Fig. 7.3. The weighed substance is heated in a bulh-luiic {a), 
which is connected at each end with a U*tube charged with a dc.sicoating agent, 
[irefcrahly oftloium chloride. The U-tubc (c) is connected with a small 
wasliing-hottlo containing strong sulphuric acid. 

The air enters through the lube (6), passes over the sul)stanco in the bulb- 
tubo, and loaves the apparatus after passing through the U-tubo (r) and tlie 
wash-bottle. The air may bo drawn through the apparatus by attaching an 
as[)irator (176) to the wash-bottle connected with the tube (c), or air may 
bo driven through the apparatus from a gas-holder which is ctmuccted with 
the tube {h). 

Detailed Description of the Apparatus . — A hanl glass tube, of about 1 cm. 
bore and 16 cm. in length, has a bulb about 4 cm. in diameter blown in its 
middle (Fig. 73, a). The sharp edges of the ends of this tube are rounded 
by being held for a short time in the blowpipc-tlamo. 

Two sound corks are softened by pressure and are fitted air-tight into 
the ends of the bulb-tube, and are then perforated to receive the side-tubes 
of two U- tubes. 

The U -tubes are filled nearly to the level of tlioir side-tubes with granu- 
lar calcium chloride ; cotton-wool or glass-wool plugs are then pusl^pd into 
^ch limb, and the open ends are finally closed with sound corks, which are 
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cut olT level with the gliuss^ and are I hen hrushod over with incited paraOin 
wax. A full description of the fitting of the U -tubes and of (ho preparation 
of the calcium chloride will bo found in paragraphs 177, 178, and attention 
must bo paid to the iVo/e (179) in filling tube (r), if CO, is evolved when the 
substance is heated. 

When a high temperature is to be applied to the bulb by a flame, disos of 
metal or of asbestos millboard should bo slipped upon the bulb-tube in the 
positions shown by the dotted lines of the figure, in order to shield the corks 
and prevent them from being scorched. 

After the separate parts have been fitted togellier, the whole apparatus 
must be tested to ascertain if it is air-tight. For this pur|)oso a short piece of 

Fio. 73. 


Estimation of Water. 

rubber tube, carrying a screw-clamp, is pushed upon the free sidc-tube of 
tube (/>), and by careful suction the sulphuric acid is raised several inches in 
the tube of the wash-bottle attached to (c). The rubber tube is then closed 
by tightening the screw-clamp. If the level of the acid does not fall in about 
ten minutes, the apparatus may be considered to be air-tight. 

The Process is carried out as follows: Tlie U-tube (c) is detached and is 
accurately weighed. The perfectly clean and dry bulb-tube (a) is then 
weighed. 

About 2 grams of the finely powdered substance, BaClj. 21120, are placed 
near the end of a little trough of stiff glazed paper, which will easily sli|) 
into the bulb-tube. This paper is pushed into the tube until the powder is 
within the bulb, and by rotating the bulb-lube or the trough on a horizon! al 
axjs the whole of the powder is deposited in the bulb. The paper trough is 
then removed, and the bulb is weighed. Its gain in weight represents Iho 
weight of salt taken. 

The apparatus is then fitted together again, and may be once more tested 
to see that it is air-tight. 

Allfaspirator (176) is then attached by rubber tubing to the wash-bottlo 
connected with tlio tube (c), tho flow of water from the aspirator having 
been adjusted so ae to draw a slow stream of air through tho apparatus. 
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The air must pass through the acid in the wash-bottle at such a rate that 
the separate bubbles can be easily counted. 

By this arrangement the air is dried by the calcium chloride in the tube (h) 
before it passes into the bulb-tube. It then pa.s.se8 through the bulb-tube 
and carries the water-vapour, which is expelled from the substance by heat, 
into the bulb {d) and the calcium chloride of the weighed U-tube (c). The 
wash-bottle prevents the weighed U-tube from gaining weight by absorbing 
moisture, which might diff use backwards from the aspirator. This bottle also 
serves as a gauge to measure the rate at which the air-current passes. 

When the water is to be exi)elled from the substance at a known temperature, 
it Ls necessary to have the bulb-tube (a) either surrounded with an air-bath made 
of ashestos cardboard, or bent in such a way that the btdb can be immersed in a 
hot liquid. The air-bath or liquid is heated to the requisite temperature, which 
is shown by a thermometer dipping into it. Tubea specially shaped for immersion 
in the liquid may be made or purchased. 

In the present example the bulb-tube may be gradually heated by a small 
Bunsen flame, aa soon as the air-current through the apparatus has been 
adjusted. The flame should be surrounded by a suitable screen (c.g.. Fig. 63, 
p. 53), in order to prevent the absorption-tubes from being heated, and the 
corks and U -tubes may be further shielded by means of asbestos discs, as has 
been already described. 

'Jho temperature of the bulb is slowly raised until it reaches dull redness, 
and the salt is heated in the air-current until no small drops of water remain 
on t he cool part of the bulb-tube {a). ITie weighed U -tube (c) is t hen detached 
and rewoighed, and from its gain in weight the amount of water in the weighed 
salt is ascertained; the water is then poured out of bulb ((/). 

From this result the percentage weight of water in crystallised barium 
chloride may be calculated. 


Esttmattoii of Cadmium in its Soluble Compounds. 

192. The Cadmium is precipitated as Sulphide, CdS, and is 
weighed as such. 

Weigli out accurately about 0'6 gram of pure reorystallised cadmium 
■‘^'ilphate, SCdSO^.SHjO. Dissolve it in about 250 0 . 0 . of water, and add a 
few drops of dilute HCI. Pass hydrogen sulphide (1012) into this solution, 
until the liquid smells strongly of the gas. 

Klter off the CdS upon a weighed filter (86), and make certain %at all 
file cadmium has been precipitated, by diluting a portion of the filtrate and 
passing H,S through it again. If no further precipitation oooura, wash the 
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precipitate first with dilute hydrogen sulphide solution mixed with a little 
HCl, and finally with pure water. Dry the filter containing the [)rec;ipitate 
in the stoam-ovon, and weigh it after referring to paragrai)h 193. Sec also 
paragraph 194. 

From the weight of CdS obtained, the [icrcentagc of cadmium may then ho 
calculated. 

193 . This Precipitate frequently contains Free Sulphur — In accurate detoi- 
iniiiulions the dried preci])itale should tlierefore be ie[)catcdly washed with 
recently distilled carbon disulphide, as long as any residue is left when the last drops 
of the washings arc eva])orated u|)on a watch-glass. The ])rceipitate is then again 
dri('d and wc'iglu'd. Any loss which it has undergone by being washed will be duo 
to the removal of free sidphur. 

194 . Conversion of the CdS into CdSO^ — If the precipitate of CdS has he(>n 
formed in an acid solution it may contain some basic salt, and this may lead to 
serious error if the amount of acid is large. Uinlcr these circumstances it is prefer- 
nhlo to convert the precipitated sulplndc into CdSO^ and to weigli this salt. For 
this purpose dissolve the precipitate in hydrochloric acid diluted with its own 
volume of water, and evaporate the solution on the water-bath until it can he 
transferred to a porcelain cniriMc. Add a .slight excc.ss of snl]ihnric acid, and 
heat cautiously over a small Iliuno until no more fumes of sulphuric acid are 
evolved. Then allow the residue to cool and weigh it. 

An Electrolytic Method for estimating Cd is given in paragiaph 221. 


Estimation of Antimony in its Soiajtions. 

The Antimony i.s precipitated as Sulphide, Sb^S^, and is weighed 
either as such (195), or, if it is small in amount, as the oxide, Sb.Oi 

(198). 

195. Precipitation as Sulphide, SbaSj, and Estimation as such.— 
About O'o gram of anhydrous tartar emotic, K(vSbO)C 4 H 4 ()Q (109, Exp. 27), 
is accurately weighed. This is dissolved in about 200 c.c. of distilled water, 
and a moderate (juantity of tartaric acid solution, together with a few drops 
of dilute hydrochloric acid, are added. If an insuhicient quantity of tartaric 
ackl is added, the antimony will bo precipitated on the addition of the IlCl 
or on dilution. 

The clear liquid is transferred a 600 0 . 0 . flask, which is fitted with a 
doubly perforated rubber cork. Through one of the holes in the cork 8 
glass tube bent at right-angles passes, and reaches nearly to the bottom of 
the flask. Through the other hole a second tube is passed, one end of which 
terminates just below the cork, the other end being slightly contracted so as 
to hinder the diffusion of air into the flask. 
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A gentle stream of hydrogen sulpliido gas (1012) is passed through the 
longer tube into the liquid until it is saturated with the gas. The 
(lask is then sot aside for some hours in a warm place to ensure com[)iote 
proci[»itation. 

Carbon dioxide gas is next passed through the liquid until the excess of 
IIoS is removed. During tlie passage of the 00 ., the liquid i.s gradually heated 
to boiling to assi.st the rninoval of tlie HjS, and to render the precipitate 
more dense and tlierofore more easy to wash. 

Tlie liquid and preci[)ilato are poured upon a tared filter which has been 
rliicd at 100'^ (86), or are filtered by means of a Gooch crucible (82). The 
filtration is hastened by moans of the filter-pumj), and the [irecipitato is 
washed rajiidly with hot water to which a little hydrogen sul|)hide solution 
has been added. During the washing, the proci[)itato is protected against 
oxidation by the air by covering the funnel with a round glass plate. 

In order to ascertain whether the precipitation of the antimony as sulpliido 
13 com[ih!le, If 38 is pa.ssod into the filtrate and washings, and the liquid is 
then waniu;d and allowed to stand. If any further precipitate forms, it is 
added to the main jiortion already on the filter. 

When the precipitation and washing are complete, the precipitate is dried 
in the steam-oven until its weight becomes constant. This weight is noted 
ilown. 

The [)rooij)itato will still contain water and po.s.sihly free sulphur, and will 
tliorcforo require further treatment bofoi'e it is finally weighed. A small 
(luantity of the procipitalo is heated willi strong hydrochloric acid. If it 
dissolves to a clear liquid, no free sulphur D prevsent and the direelions given 
in [(aragraph 196 may ho followed. If the acid solution is turbid, free sulphur 
is present and the precipitate must bo treated os is directed in paragraph 

197. 

196. In order to Remove tJte Wafer, the greater part of the dried precipitate 
is weighed in a tared porcelain boat. The boat is then introduced into a 
piece of combustion-tube about 25 cm. in length, and a current of dry 
carbon dioxide gas ( 1012 ) is passed over it. The boat is meanwhile gently 
boated with a Bunsen flame until the sulphide becomes black. The boat is 
then allowed to cool in the current of gas, and is finally weighed. 

From the weight of the anhydrous Sb2S3 found in this part of the preci- 
pitate, the amount of the sulphide in the entire original precipitate is then 
Calculated, and from this result the percentage of antimony present can be 
ttscorlainod. 
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197. In order to Remove the Ridphiir as well as the Water, tho larger part of 
the precipitate is weighed and is treated as is described above (I 96 ), but the 
boat is heated to a higher temperature, and the lieating is continued until no 
more sulphur is volatilised and the weight is constant. Since long-continued 
heating will volatilise a little antimony sulphide, the treatment may be con- 
sidered complete when successive weighings give a diderence of one milligram 
only. 

From the residue of pure anhydrous Sb^Sg, the weight present in the whole 
original precipitate may be calculated, and from this the percentage of anti- 
mony in tho original substance is found. 

198. Precipitation as Sulphide, Sb2S3, followed by conversion 
into Oxide, Sbo 04 , and Estimation as such.— The antimony compound is 
precipitated in tho form of sulphide, according to the directions which have 
been already given (195)- The sulphide is filtered off by a filter-paper which 
has been previously dried in the steam-oven and weighed ( 86 ). After the 
precijiitate has been thoroughly washed, it is dried on the tared filter and 
weighed. Tho weight of the whole precipitate is thus obtained. 

The precipitate is then transferred as completely os possible to a large 
weighed porcelain crucible, and the weight thus transferred is ascertained by 
again weighing the crucible. Tho precipitate is then moistened with several 
drops of strong nitric acid of 1*42 specific gravity ; tho crucible is covered with 
a watch-glass, and a quantity of fuming nitric acid of l‘fi specific gravity, 
sufficient to cover the precipitate, is quickly added from a pipette. For this 
purpose the cover is merely slipped aside to admit tho point of the pipette, 
since violent oxidation and frothing at once sets in. 

The covered crucible is heated on the water-bath, as lonj^ as any further 
chemical action occurs. Tho cover is then removed, and the acid is evapo- 
rated by heating the crucible on the water-bath. The cover is then replaced, 
and the crucible is finally heated over the Bunsen flame until its weight is 
constant. 

Care must be taken that the flame does not enter the oruoible, else 
volatile Sb^Og will be formed and loss will ooour. This may be avoided 
by placing the crucible in a circular opening cut in a disc of asbestos mill- 
board. Tho disc is then inclined and the bottom of the crucible is exposed 
gradually to a bright red heat ( 98 ). 

From the weight of Sb 204 thus found, the weight of SbjOi corresponding 
to the whole of the sulphide precipitate is calculated, and from this the per- 
centage of antimony is obtained. 

If the antimony sulphide contains much free sulphur, this must be removed 
fr<iin the dried precipitate by means of carbon disulfjhide (193) before the treat- 
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iiient with nitiic acid in carried out, else the action of the acid will l)e so vident 
as to give rise to loss of substance. 

It sonictimos happens that the amount of antimony sulphide on tho filter 
is too small to be transferred to tho crucible. If this is the case, the dried filter 
and precipitate are treated together in the cniciblo with about ten times their 
weight of the strong acid. The procedure is the same as that already descrilied. 

A Volumetric Method for estimating antimony is given in paragraph 336. 


Estimation of Arsenic in Solutions containing this 
Element in the Arsknious Condition. 

Two methods of estimation are de.scribed below. 

According to the first method (I99)> arsenic is precipitated as As^S, 
and is weighed as such. 

According to the second mclliod (200), the arsenic is precipitated as 
Mg(NH 4 )As 04 . 6 Hj 0 ; Ihis is converted into Mg 3 As 207 by ignition, and the 
arsenic is wciglied in this form. 

199. The Arsenic is precipitated as Arsenious Sulphide, As^Sg, 
and is weighed as such. 

Weigh out accurately about 0‘.5 gram of pure resubiimed arsenious oxide 
(IIO, h'xp. 29). Place the substance in a 600 o.c. flask, and add about 60 c.c. 
of dilute hydrochloric acid. Heat the flask on a watcr-balh until ail t he solid 
is dissolved, care being taken that tho temperature of the solution does not 
reaeh 100“ C., else some of the arsenic will be volatilised as chloride. 

If any ASjjOj is present, a few drops of sulphurous acid .'Solution are added in 
order to convert the As^Oj into Aa^O,, and the flask is heated on the wstor-batb 
until all smell of So, has disappeared. 

Tho liquid is then considerably diluted, and the arsenic is precipitated os 
AsjSj by passing hydrogen sulphide gas through the solution in the same 
manner as was described for antimony (I 95 ). 

Carbon dioxide gas is then passed through the solution (195)’ until the 
smell of HjS has almost disappeared. This tedious operation may be omitted, 
if great caro Ls taken that the jjrecipitate is kept covered and is exposed as 
little as possible to the air during filtration. 

The liquid is poured through a tared double filter which has been dried at 
I 0 (P C., or through a Gooch crucible filter ( 82 ), and the precipitate is washed 
wilh hot water containing a little HjS until it is free from hydrochloric acid. 

The filtrate and washings are testetl by saturating the liquid with H,S gas 
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and allowing it to stand, in ordor to make suie that all the As has been ' 
precipitated. . 

The precipitate is then dried at 100“ C. in the steam-oven until the weight 
becomes constant. 

Since the precipitate may still contain a little free siiliduir, it should he 
trealcfl with carbon disulphide ( 193 ). After thi.s treatment the precijhtate 
is again dried at 100 “, and is finally weighed. 

From the weight of As^Sj thus obtained, the percentage of arsenic is 
calculated. 

200, The Ar.senic in the Arsenious compound is converted into 
Ar.senic acid ; this is precipitated as Magnesium Ammonium 
Arsenate, Mg(NH.,)As04.6Ho0 (169), which is then converted by 
ignition into Magnesium Pyrarsenate, MgaAsjO;, and is weighed as 
such. 

Add strong HCl to the arsenious .solution, heat gently, and drop in from 
time to time a crystal of p()ta.sgiurn chlorate until the liquid smells strongly of 
chlorine. Allow the liquid to stand in a warm place until the smell of chlorine 
has nearly disappeared. The ansenic will now be present a.s arsenic acid. 

Make the solution faintly alkaline by the addition of ammonium hydrate, 
then prcci[)itatc by the addition I'f magnesia-mixture, ignite the precipitate 
in oxygen, and finally weigh tho arsenic a.s magnesium pyiarsenate (l 69 )- 

From tho weight of Mgo.As^O, thus obtained the percentage of As which 
was originally present may be calculated. 

Volumetric Methods for estimating arsenic arc given in paragraphs 337 and 398. 


KsTIMATtON OF TiN FN A StANNOUS OR StANNIC COMPOUND, 
AND OF Metallic Tin. 

201. The Tin is precipitated from solution as Sulphide ; this is 
converted by ignition in the air into the Dioxide, SnOa, and is 
weighed as such. 

Weigh out accurately about 0'5 gram of pure crystallised stannous chloride, 
SnCl 2 . 2 H 2 (), which has been kept in a well-stoppered bottle. Place the salt 
in a 500 c.c. beaker, dissolve it in a small quantity of dilute hydrochloric acid, 
and make up tho solution with distilled water to about 200 c.c. 

Through this solution pass H,S gas to saturation. Cover the beaker 
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loosely with a filter-paper, and allow it to stand in a warm i)lace until the 
smell of hydrr)gen sulphide has almost disappeared. Transfer the precipitate 
to a double filter, wash it until it is free from dissolved salts, and then dry 
and ignite it. 

Since tin alloys with platinum, a porcelain crucible should bo used, and 
one i)f the methods described in paragraphs lOI IO5 should be chosen for the 
ignition of the precipitate and the incineration of the filter. 

Tncinerate the filter-paper apart from the precipitate. Moisten the filter- 
ash with two drops of strong nitric acid, heat gently until the excess of acid 
has hcen expelled, and then raise the temperature to a red heat. Allow the 
crucible to cool ; then add the precipitate, cover the cruci!)lo with the lid, 
and heat it gently for some time. Then rtftove the lid, and heat gently until 
the smell of escaping sulphur dioxide is no longer perceptildc, and finish by 
heating to bright redness (98). 

In order to ensure the complete removal of the sulphur, allow the cnicible 
to cool, add a little powderwl ammonium carlx)nate, and heat again strongly. 
Repeat these operations until the weight remains constant. 

From the weight of SnOa thus obtaincrl, the percentage of tin in the 
original substance is calculated. 

Volumetric Methods for estimating stannous chloride are given in paragraphs 
338 and 504. 

202. Metallic Tin is converted directly into Dioxide, SnOj, by 
heating the Metal with Nitric Acid and igniting the product. 

The tin is oxidised by heating it with moderately strong nitric acid. 
Hydrochloric acid must not be present, else some tin clil()ride will be formed 
and volatilised. As soon as all action has ceased, the solution is evaporated 
nearly to dryness on the water-bath. The residue is then diluted with water, 
anil the wliite SnOj is filtered off, waslicd and dried. 

If a filter-paper is used, it is burnt .separately and the ash is treated with 
strong nitric acid as is directed above (201). The SnOj is then added to the 
filler-ash in the crucible, and the whole is finally ignited over the blowpipe 
until the weight is constant. 


Estimation of Mercury in its Compounds. 

203. Three methods of estimation are given. 

Ry the first {204) the^morcury may be separated from any solid substance 
which is rich in mercury, and weighed os metal. A modification of this 
method is described in paragraph 401* io which tlie mercury is separated 



122 SIMPLE GRAVIMETRIC ESTIMATIONS. [204, 

from its ordinary sul[)liide oro by being heated with iron filings ; the mercury 
is then allowed to amalgamate a sheet of silver and is weighed with the silver. 

The second method (205) P*''^ceeds by precipitating the mercury as sul- 
phide, and weighing the sulphide. It serves for estimating mercury in the 
solution of a mercury compound, and for the separation of mercury from 
metals which are not precipitated from solution by hydrogen sulphide. It 
gives excellent results. 

In the third method (206) the mercury is precipitated from solution of 
mercurous salt as HgjjCl 2 , and is weighed as such. This method is specially 
suitable when nitric acid is present. 

204. The Mercury Compoiild is decomposed by heating it with 
Calcium Oxide, the escaping Mercury vapour is condensed, and the 
metallic Mercury is weighed. 

Note . — This process is not applicable to mercuric iodide, wliich must be deconi- 
(tosod by heating it with metallic copper instead of with lime. If the mercury is 
present as sulphide, a little metullio iron may be mixed with the lime and will 
greatly assist the reduction. 

Tlio process of estimation is conducted in the apparatus which is repre- 
sented in Eig. 74. 

a d fi 

Cj 1: 


Estimation op Mercury. 

A piece of comhustion-tube, about 1 cm. in internal diameter and about 
46 cm. in length, is closed by dra\ ing it off at one end (a) in the blowpipe- 
tlame. 

Powdered magnesite is intnx u ed into the clean, dry tube in quantity 
sutlicient to form a layer 2 inches in length {a-b). 

About 1 gram of pure mercuric chloride is then accurately weighed, an<l 
is mixed intimately with powdered quicklime in a porcelain mortar. This 
mixture is introduced into the tube (6-c), and the mortar is rinsed out with a 
little more quicklime, which is also transferred to the tube (c-d). The tube 
is then filled in witli powdered quicklime to within 6 cm. of its open end, the 
powder being kept in its place by pushing in a loose plug of asbestos (e). 

The open end of the tube is now drawn out in the blowpipe-flame, the 
narrow tube is bent obliquely, and its end is cut of! os is shown in the figure. 
A passage along the whole length of the tube is formed by holding the tube 
horizontally, and tapping it gently upon the bench. The tube is then laid 
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i/1 a combustion-furnace (783) U]X)n an iron trough covcied with asbestos, 
and the end of the bent tube is made to dip just beneath the surface of water 
contained in a small weighed beaker. 

The front portion of the tube (e-ri) is now gradually heated to redness. 
The heat is then slowly extended to that part of the tube which contains the 
mercury compound, and this is heated until the whole of tlie tube from (r) 
to (b) is at a bright red heat. In this way the mercury is set free in the foiiu 
of vapour, which is condensed to the liquid form as it passes into the water 
in the beaker, 

I'he magnesite in {a-b) is finally heated Lyedness so as to produce a stream 
of carbon dioxide gas, which sweeps out the last traces of mercury vapour 
from the tube into the water. 

While the tube is still red-hot, the narrow delivery-tube is cut off at the 
l)end by means of a cold file, and the mercury, which has condensed in this 
portion of the tube, is washed out and added to the main portion in the beaker. 

The globules of metal are now united into one mass by gently agitating 
the contents of the beaker. The water is then poured off os far as possible, 
and the rest is removed by absorbing it with fill-er-[)aper. 

Tlie mercury is finally rendered perfectly dry by exposure over strong 
sulphuric acid in a de.siccator (62, 63) until its weight is constant. 

The pei'centage of mercury present in the original substance may be 
calculated from the weight of mercury found. 

205. The Mercury is precipitated as Sulphide, HgS, and is 
weighed as such. 

Weigh out accurately about 0*5 gram of pure mercuric chloride into a 
250 c.c. beaker. Dissolve it in about 100 c.c. of water, add a few du}>s of dilute 
liydrochloric acid, and pass hydrogen sulphide into the liquid until it is 
saturated. The colour of the mercury sulphide precipitate will become 
perfectly black as soon as t he liquid is saturated with the gas. 

Allow the liquid to stand for a short time, until the precipitate has sub- 
sided, then filter through a tared filter (86) or a Gooch crucible (82). Wash 
the precipitate quickly with cold water, and weigh it after it has been dried 
at 100° C. 

The precipitate may contain free sulphur. It should therefore be washed 
with recently distilled carbon disulphide (193) until the last drops of the 
washings leave no residue when they are evaporated. The precipitate is then 
dried at 110° C. and is wdghed. 

iVom the weight of HgS obtained, the percentage of Hg in the original 
substance may be calculated. 
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206. The Mercury is precipitated as HgjClo, and weighed as such. 

If the mercury is prasent in solution entirely as mercurous salt, it may bo 
at once precipitated by the addition of dilute sodium chloride solution. 

But if a mercuric .salt is present, this must be re.ducod to the mercurous 
condition as is directed below, leforo {)reci])itating the mercury. 

This proce.ss of e.stimation is suitable even if nitric acid is present. 

For practice in the estimation, weigh out accurately about 0*5 gram of 
mercuric chloride, dissolve it in 200 c.c. of water, and add a little dilute 
hydrochloric acid and an excess of phosphorous acid (Note). Allow tho 
li(juid to .stand for twelve hours, then filter through a tared filter or a Gooch 
crucible, and dry the precipitate at 100° and weigh it. 

Note . — The solution of phosphorous acid may be prepared by allowing phos- 
phorus to (kli(pje.sce in moist air; or it may be obtained by adding phos])horoii.H 
trichloiido to water, evaporating the solution to drynesa to expel the hydrochluriu 
acid and dissolving the residue in water. 


Estimation of NO3 in a Nitratt<3. 

207* The estimation may be made by one of three method.s. The first of 
these is de-seribed hero : the other two processes, which are described later 
on, involve the apj»lication of volumetric methods to li([uid.s and gase.s. 

The first method (208) consist.s in healing the solid nitrate with e.xccss of 
silica, and ascertaining the lo.ss of weight which results from the removal of 
the elements of NjOj. This method is less accurate than the second and 
third methods. 

The second method (893) ermsists in measuring tho volume of NO, w hii h 
is evolved when tlie solution of nitrate is shaken with mercury and strong 
IT^SO*. 

In the third method the nitrate is acted upon by nascent hydrogen, and 
the NH3 thus produced is estimated (623). 

. 208. The Solid Nitrate is heated with excess of Silica ; the lo.ss 
of weight gives the amount of the elements of NaOo which the 
nitrate has lost. 

From certain nitrates such as Pb(NOj),, the elements of nitric anhydride 
may be ex|)clled by simple ignition, an oxide of the metal remaining. In tho case 
of most nitrates, however, such as tho.so of the alkali-motal.s and of the alkalino- 
earth metals, it is necessary to heat tho nitrate with silica, else the residue which 
is left after ignition is not of fixed composition. 
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Fuse a few grams of pure potas.siiim nitrate in a porcelain crucible at as 
low a temperature as possible, and [)()ur out the fused salt into a warm porce- 
lain dish. Powder the solid mass while it is .still warm, and place the powder 
in a stoppered weighing- bottle. 

For practice in the proces.s, introduce into a weighed platinum crucible 
about 2 grams of finely powdered quartz or silica. Ignite thi.s, allow it to 
cool, and weigh it. Add about 0*5 gram of the above powdered potassium 
nitrate, and weigh the crucible again in order to a.scerlain the exact weight 
of the nitrate added. Then mix the powders intimately and without loss by 
means of a glass rod rounded at the end. 

Ibx[)nso the crucible, covered with the lid, to a dull red lieat for thirty 
minutes ; then allow it to cool, and weigh it. Heat it again for ten minutes, 
and once mure weigh it. Repeat these operations until the weight becomes 
constant. 

Tlio los.s of weight by ignition will be duo to the total expulsion from the 
nitrate of the elements of NjOy From this lo.ss the percentage of NOs in the 
nitrate may be calculated. 


Estimation of Stuca tn a Silioatr. 

209. The Silica i.s separated and converted into the Iii.soliible 
Form, by adding excess of acid to the Silicate and evaporating to 
dryness ; the Silica is then rendered completely anhydrous by heat, 
and is weighed as SiOa. 

The method of procedure will de[»cnd upon whether the .silicate can be 
decomposed by acid or not (210, 21 1). 

210. If the Silicate is Soluble in Water, or can be Decomposed by 
strong Hydrochloric or Nitric acid, it is treated a.s Ls < lose ri bed below. 


For practice in the cslimation, weigh out accurately about 0-5 gram of 
linely powdered “ soluble glass,” or sodium .silicate, into a [tlaliiium or porce- 
tiiin dish. Moisten the powder with water. Place the dish, covered with a 
clock-glass, upon the water-bath ; then gradually add stituig HCI, through 
a small ojjoning K ft by drawing aside the clock-glass, and constantly .stir tho 
t^onlenUs of the di.sh. 

As soon as tho powder is completely decomposed, which is known to bo 
tho case when no gritty particles can bo felt with the glass rod, remove tho 
cover and evaporate the liquid to drync.s.s. (Vuitinually stir the residue, 
breaking up the lumps by means of tho glass rod. Wlien tho powder appears 
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to be perfectly dry, and no moisture is deposited on a cold clock-glass placco 
upon the dish for a few seconds, the dish is heated in the air-oven to 1 50° C 
for about half an hour. The silica will now bo present in the anhydrous and 
insoluble condition. 

As soon as the dish is cold, moisten the powder with strong hydrochloric 
acid, and warm the dish upon the water-bath. Then add hot water, stir well, 
allow the solid to subside, and decant the liquid through a filter. Repeat 
these processes of treatment of the residue three times. Then transfer tlm 
silica to the filler, wash it thoroughly with hot water, and dry it in (ho 
steam -oven. 

Note. 1. — Even if the above precautions have been observed, a trace of silicii 
will pass into solution when the roaiduo is treated with HCl. This probably arises 
from the difficulty of insuring that the silica is wholly anhydrous, and from Ihn 
fact that silica is appreciably dissolved by prolonged treatment with acid. In very 
exact analyses the arid solution, after being separated from the silica residue, should 
bo evaporated and the residue of silica should bo added to that already obtained. 

Now transfer the powder to the crucible as coraplctoly as possible, incine 
rate the filter in a jilatinum-wirc coil, and add the ash to the precipitate (lOI) 
Gently heat the covered crucible, taking care that none of the light, lino 
silica powder is lost by being carried off with the escaping moisture. 

Gradually increase the temperature until the crucible reaches a hiight 
red heat, and keep it at this temperature for fifteen minutes. Then weigh tlie 
crucible, and repeat the above ignition until the crucible ceases to lose in 
weight by being heated. 

Note. 2,— The silica which has been separated by the above treatment is almost 
invariably impure, arid should bo troutod in iho following way after it has been 
weighed ; 

The ignited silica is heated in a platinum vessel on the water-bath witli puro 
solution of hydrofluoric acid and a few drops of strong : the whole i.s thi ii 

evaporated to dryness, and the residue is ignited and weighed. This process is 
repeated until no further loss of weight occurs. The total loss of weight by the 
treatment with hydrofluoric acid represents the weight of the silica. 

Since the acids may themselves contain non-volatile constituents it is well to 
evaporate measured portions of them alone : any residue which is left is weighed 
and a proportionate amount is deducted from the weight of residue found above. 

From the weight of silica thus found, the percentage of silica may then 
be calculated. 

21 1. If tlie Silicate l8 Insoluble in Acids and is not Completely 
Decomposed by Acid (460), it is finely powdered and mixed with six 
times its weight of fusion mixture (NsjCOg + K 2 CO 3 ) ; it is then kept in a 
fused condition in a covered platinum crucible for about fifteen minutes 
(134). The solid is now detached from the crucible by boiling it with about 
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ten times its weight of water for half an hour in a covered evaporating- 
dish. A little strong HCl is added, and when nothing but gelatinous silica 
remains in the liquid, the contents of the dish are evaporated to dryness and 
the residue is treated as is described in paragraph 210. 


Estimation o? Fluorine in a Fluoride. 

212. The Pluorlde is precipitated as Calcium Ruoride, CaFg, and is weighed 
as such. 

Three methods of procedure are described : the first (213) .serves for a netitral 
fluoride, the second (214) for a fluoride with acid reaction, and the third (215) for 
an in.soluble fluoride. 

213- Neutral Fluorides. — To the solution of the fluoride, contained in a plati- 
num or porcelain dish, add an excess of calcium chloride solution and heat the 
mixture to boiling. Allow the precipitate of calcium fluoride (Cahy to sub.'^ido, 
and wa.sh it twice hy decantation. Then transfer the precipitate to the filter, 
wa.sh it free from dissolved salts by means of hot water, and dry it in the steam- 
oven. 

I’he precipitate and filter are ignited together (99) .at a red heat, and are weighed. 
From the weight of calcium fluoride (CaFj) thus obtained, the percentage of 
fliiorino can be calculated. 

214. Fluorides with Acid Reaction. — The sobition of the fluoride, contained 
in a platinum or porcelain dish, is mixed with .sodium carbonate solution in excess. 
The mixture is heated to boiling, and is filtered if necessary. Calcium chloride 
sohition is then added in exce.ss. When the precipitate, which consists of a mixture 
of calcium fluoride and c^llciurn carbo mte, has subsided, it is waslied first by 
d(HMntation and finally on the filter. The preci[)itate i.s then dried, and i.s ignited 
in a platinum crucible. 

The ignited precipitate is now transferred to an evaporating-dish, and is treated 
first with water and then with acetic acid in excess. The mixture is evaporated 
to dryness on the water-bath, and is ignited until it no longer smells of acetic acid. 
Tlic residue, which consists of a mixture of calcium fluoride and calcium acetate, 
is washed with hot water until it is free from calcium acetate. It is then filtered, 
dii{'d, ignited and weighed, as is described in paragraph 213. 

215. Insoluble Fluorides. —The finely powdered fluoride is heated in a plati- 
num crucible with about four tirao.s its weight of Cusion mixture (Na^CO, 4 - KjCO,), 
the alkaline carbonates being kept in a fused state until the fluoride is entirely 
decomposed (134). The cool mass is then dissolved by heating the crucible with 
W'ater. The solution is filtered, if necessary, and is precipitated by the addition 
^f calcium ohloride solution in ezoess. The calcium fiuorido in the precipitate 
is then estimated as ii described in paragraph 214. 
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Indibect Estimation of in Crystallised Borax. 

2i 6. The Borate is Evaporated to diTmesa with Hydrochloric Acid ; the Boric 
Acid-radiole is thus expelled and is replaced by the chemically equivalent amount 
of Chlorine, which is estimated in the residue. 

Weigh accurately about I gram of pure recrystallLsed borax (Na.^B,0^.10If.,0) 
into a porcelain di.«h. Add an exce.ss of hydrochloric acid, and evaporate the solu- 
tion to dryness on the water-bath. As soon as the liquid has been driven off, add 
a little more hydrochloric acid, and once more evaporate to dryness. Then heat 
the residue upon a sand-bath until no more acid fumes are given off. 

Now estimate the chlorine in the solution of the residue ( 149 , 373), and from 
the rcsidt thus obtained calculate the amount of B.^0^, assuming that 35‘46 of Cl 
is equivalent to 70 02 of B^Oj. 


Indirect Estimation of B.,03 in Boric Acid. 

217. The solution of Boric Acid is mixed with a weighed quantity of pure 
anhydrous Sodium Carbonate in excess ; the liquid is evaporated to dryness, and 
the Carbon Dioxide in the residual Carbonate is determined. 

Weigh out accurately about 1 gram of pure cry.stalli.sed boric acid, lljliOj, 
into a 300 c.c. flask, and dissolve it in about 50 c.c. of water. Add about 3 grams 
of pure anhydrous sodium carbonate, and evaporate the solution to dryne.s.s in a 
email weighed porcelain dish. Heat the contents of the dish just to fusion, and 
maintain this temperature until effervescence ceases ; tJien allow the dish to cool 
and weigh it. 

The residue in the dish contains a known amount of sodium oxide and an un- 
known amount of CO., and BgOg. Determine the CO^ ( 175 ), and find the weight 
of the B./), by difference. The fiorcentagc of B.O, may then bo calculated. 

A method for determining small quantities of boric acid and borate is given 
under .Milk Analysis ( 675 ). 
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ELECTKOLYTIC ESTIMATIONS OF METALS. 

Methods have been devised for estimating many metals by electrolytic 
processes. Some of the more satisfactory processes of estimation are described 
below ; they include methods for copper, nickel, cobalt and cadmium. 

Electrolytjc Determination of Copper. 

2I8- Copper may be precipitated accurately and conveniently in the 
metallic state by means of the electric current. The deposition is best effected 
from a nitric acid solution in which the amount of the free acid present must 
not exceed 10 per cent. Sulphate may be present in the solution, but not 
chloride. 

For practice in the estimation, weigh out accurately about 1 gram of 
pure recrystallised CuSOi.^HjO. Dissolve the salt in about 100 c.o. of water, 
and add 10 c.c. of nitric acid of 1'2 spccilic gravity. 

Electrolysis of the Sohitiun.—lsow transfer the clear liquid to a weighed 
platinum dish of about 200 c.c. capacity, which is placed upon the bright metal 
ring of a retort stand. Twist a stout platinum wire into a flat spiral, leaving 
about 16 cm. in the centre projecting at right angles 
to the plane of the spiral (Fig. 76). Attach the spiral 
to a glass rod, which is clamped upon the retort stand : 
then immerse, it in the solution, taking care that (Iu.tc 
is no metallic contact between the platinum wire and 
the dish. The spiral should be about 0‘3 cm. from the 
bottom of the dish. 

Instead of the spiral, a disc of thick platinum foil, 
riveted to a long stout platinum wire, may be used. 

Now connect the dish 4ith the negative terminal 
of a storage battery, or of two or throe Daniell’s cells. Elbctbolytic Estima- 
This is readily done, since the di.sh is in metallic con- tion of Cui-peh. 
nection with the retort ataqd ; it is therefore simply 
necessary to attach the battery wire to the ring or to the stand, taking care 
that the surfaces in contact arc bright and metallic. The platinum wire from 
the spiral or disc is then connected with the positive terminal of the battery. 

A current of 0'2 to 0’6 ampere and an electromotive force of from 2 to 2*5 
Tolts will be suitable. 

During the deposition of the metal, the dish must be covered by a per- 
forated clock-glass, or by an inverted funnel. This prevents the loss of any 
hquid by the spirting which is caused by the evolution of gas from the surface 
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Tlic under surface of the cover should be rinsed into the dish during tlie 
lat ter part of the process. 

In about twelve hours or less the copper will be completely precipitated, 
and will adhere to the inside of the platinum dish. The process requires no 
supervision after it has been started, and may therefore be allowed to proceed 
during the night. 

Weighing the Copper.— As soon as a few drops of the liquid from the dish 
give no coloration with HjS solution, the dish is quickly riased out first with 
water, then with alcohol, and finally with a little ether. It is then diicd in 
the steam-oven for a short time and weighed. From the increase of weight 
of the dish, the percentage of copper is calculated. 

Note - — The copper may afterwards be removed from the dish by dissolving it 
in nitric acid. 


Electrolytic Estimation of Nickel and Cobatt. 

219 . Nickel should be precipitated from an amraoniacal solution by means 
of the electric current : the sulphate or chloride may be u.sed but not Iho 
nitrate. The solution should contain ammonium sulphate and free ammonia : 
and for every 0’2 to 0-3 gram of nickel present, about twenty times it.s 
weight of ammonium sulphate and 30 to 40 c.c. of strong ammonia solution 
should bo added. The solution is then made up to about' 150 c.c., and is 
electrolysed by a current of 1 to 1*6 amperes and an electromotive force of 
about 3 volts. 

For practice in the estimation, weigh out accurately about one gram of 
nickel ammonium sulphate, Ni(NH 4 )j(S 04 )j. 6 H, 0 , and dissolve the salt in 
water : add 3 grams of Am 2804 and 20 c.c. of strong ammonium hydrate 
solution. Make up the solution to about 100 c.c. and transfer it to a platinum 
dish. Then connect the solution and the dish respectively with the terminals 
of a storage battery, and allow the current mentioned above to pass through 
the solution for several hours. 

A dark brown deposit first forms; this disappears, and afterwards an 
adherent metallic deposit of nickel is formed. If the deposit is not brigld 
'end adherent the rate of deposition must bo reduced by diminishing the 
strength of the current. 

As soon as i drop of the liquid no longer gives a brown coloration with 
ammonium sulphide solution, the nickel is known to be completely depositcfl 
from the solution and the operation is complete. 

When this is the case, the dish is disconnected, and the nickel deposit is 
washed first with warm water, then with alcohol, and finally with ether : 
is then dried in the steam-oven for a short time and weighed. 
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220. Electrolytic Determination of Cobalt. — Tlic electrolytic dopo.qition of 
cobalt w carried out under exactly the same conditions as that of nickel (219), 
and the estimation yields an accurate result. 

For practice in the estimation, one gram of pure, freshly recrystallUtd cobalt 
sulphate, CoS0^.7II.O, may be used. 


Electrolytic Determination of Cadmium. 

221- Tho solution oontaining the cadmium as sulphate i.s made ju.st alka- 
line by addition of pure sodium h)^droxide solution. Pure potassium cyanide 
solution is then gradually added with constant stirring, until the cadmium 
hydroxide, which wa.s previously precipitated by the sodium hydroxide, has 
been just redissolved. 

Tho volume of the liquid is then made up to 100 c.c. with water, and is 
electrolysed in a platinum di.sh at first for six houis with a current of 0-6 
ampere and an electromotive force of 5 volts, then finally for another hour 
with an increased current of 1 ampere {Nde). 

The solution is now tested for cadmium l)y taking off a little by a pipette, 
heating it with dilute HCl until HCN is expelled, and passing 1I2S. If no 
yellow coloration or precipitate is produced, tlic deposition of the metal is 
complete : but if cadmium is found in the test portion, the liquid must bo 
electrolysed for an hour longer and tested again. 

When all the cadmium is deposited, wash tho metal with water, and then 
with alcohol and with ether, dry it for a short time in the steam-oven and 
weigh. 

Note .. — If the stronger current were used fron the start the cadmium 
would be deposited in tho spongy state at first, and not as a silvery white film. 
But the process may bo shortened by increasing the current later on, without 
altering the character of the deposit. 



PART III. 

VOLUMETRIC ANALYSIS. 


240. Introductory Remarks.- In the proceases of volumetric analysis, 
volume is rleterminerl instead of weif^ht. VoLimctric raotliod.s are usually 
applicable only to fluids. The mobility of a fluid enables it to adapt itself 
to a measuring-vessel, whilst the rigidity of a solid renders this adaptation 
impossible. Hence the weight of a solid is usually more easily determined 
than its volume. 

Since both li(piids and gases may bo dealt with volumetrically, volumetric 
analysis is divided into two branches, the one treating of liquids and the 
other of gases. The expression “ volumet ric analysis ” is, however, generally 
applied to liquids only ; the term “ gas analysis ” being usually applied to 
the estimation of gases. 

Advantages of Volumetric Methods. — ordinary chornical reactions, ui)on 
which analysis depends, occur only when one at least of the react ing substance.^ 
is in the liquid condition. Since liquids have, therefore, to be dealt with 
during the analysis, a great saving of time may usually be effected, by carrying 
on the processes in such a way that measurement of volume may, as far as 
possible, take the place of weighing. 

This economy of time is effected by dis-solving a known weight of a sub- 
stanoe in a known volume of water. If a known fraction of this solution is 
then measured off, it will contain a corresponding fraction of the weight of 
the dissolved solid ; accordingly the weight of solid present in this portion 
of the liquid is known without any further weighing. An additional advant- 
age gained by this method of procedure is, that minute quantities of substance 
can be dealt with which could not possibly be weighed. Hence it will he 
Bften that volumetrio methods will in certain oases surpass gravimetric methodH 
in accuracy and in delicacy. 

Illustration of a Volumetric Determination. — The estimation of chlorine, 
present as chloride in neutral solution, will servo as an illustration of volu- 
metric methods. The chloride is precipitated as silver chloride by the addi- 
tion of silver nitrate solution, thus: NaCl + AgNO, = AgCl + NaNO,. 

132 
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The completion of this ciungo is inado evident by causing it to take place 
in the presence of potassium chromate solution. As soon as the silver nitrate 
is added in excess, it produces a permanent dark red precipitate of silver 
chromate, so that the appearance of a slight red coloration throughout the 
liquid indicates the completion of the reaction. 

In a special estimation of chlorine present as chloride, the solution of 
silver nitrate which was added contained one-tenth of the molecular weight 
of silver nitrate, or 16‘904 grams per litre. Hence, according to the above 
equation, each cubic centimetre of the silver nitrate solution would pre- 
cipitate 0'003545 gram of chlorine from the chloride. Of this silver nitrate 
solution 22'5 c.c. were required to exactly precipitate 2 grams of the substance 
dissolved in water. Therefore the weight of chlorine in the substance = 
22‘5 X 0'003545 == 0'07976 gram, and the percentage weight of chlorine in 

. 0-07976 X 100 

the substance — 3‘99. 

2 

Standard Solutions,-At will be seen trom the preoeding example that the 
8olati(jn8 employed in volumetric analysis are required to be of known strength. 
Such solutions are commonly termed “ Standard Solutions" 

Indicators.— It will also be noticed that some visible indication of the 
termination of the reaction is necessary. 

In certain cases this is furnished by a marked change in colour, as when 
potassium permanganate solution is added to warm acidilied solution of 
oxalic acid : the colour of the permanganate is destroyed in this reaction, 
and a permanent pink tint in the liquid therefore indicates the presence of 
permanganate in excess, and proves that the reaction is completed. 

In the raaj(jrity of estimations, however, it is necessary to employ a third 
substance, which, by producing a change of colour, serves as an “ Indicator ” 

; of the completion of the reaction. An illustration of this is furnished by the 
use of potassium chromate in the example already given. 

Reciprocity of the Process , — The above process may evidently also be utilised 
for the estimation of silver. For silver, when present in solution, may be 
estimated by adding its solution to standard sodium chloride solution in the 
presence of potassium chromate. This reciprocity is generally true of a volu- 
metric process. 

In the following Description those processes of volumetric analysis are 
generally grouped together in which the same liquid reagent or “ htandard 
Solution ” is employed. The most important and typical processes in each 
group are printed in ordinary type. Processes which arc similar in principle 



184 


VOLUMETRIC ANALYSIS. 


[ 240 . 


to these, or are of less importance, are printed in smaller type. Fur 
additional methods of estimation, the student may consult Sutton’s Volu- 
metrio Analysis, Fresenius' Quantitative Analysis, and TreadiveWs Quantitative 
Analysis. 

As a rule, each estimation which is made for practice in the method 
must be performed in duplicate, so as to check the accuracy of the result, 
since the substances which are used are not generally of known and delinite 
com position. ^ 



PAET TIT -SECTION V. 

MEASUREMENT OP LIQUIDS. CALIBRATION ARD 
USE OP GRADUATED VESSELS. INDICATORS. 
STANDARD SOLUTIONS. 


The Measurement oe a Liquid 

241 * The Measurement of a Liquid laay be undertaken for two different 

purpot^es. 

(1) It may be required to ascertain the volume of the liquid. Tliis is 
elTeck'd by poiirinf» the liquid into a suitably graduated measuring-vessel. 
The !i(iuid is said to bo “ measured,” after its volume has been noted. 

(2) It may be required to obtain a known volume of the liquid. The 
liijuid is then delivered from a suitably graduated measuring- vessel in pre- 
cisely the rcfjuisito quantity. This is termed “ delivering ” the requisite 
volume of li(niid. 

242. The Graduated Glass Vessels which are used for measuring liquids 
arc Ihorcfoie adapted either to “ measure ” or to “deliver” definite volumes 
of liquid, 

Vessels of both classe.s are frequently marked with the temperature at 
which the liquid is to be measured in them. This temperature is usually 
15'5® C., which is equivalent to 60® P. Careful attention to this uniformity 
<'f tempeiature is absolutely necessary when strict accuracy is required, since 
the volume of a liquid undergoes appreciable alteration by variations of 
temperature. 

243. Absolute Volume.—It should be noted that measuring- vessels are 
Sometimes graduated according to the absolute unit, 'The cubic centimetre 
unit which Is adopted for the measuring- vessels hereafter described is slightly 
larger than the absolute cubic oenliiuetre, since the absolute o.c. is the volume 
of 1 gram of water at 4° C., and the c.c. in the measuring- vessel represents the 
volume of 1 gram of water at 15'5° C. But since the measuring-vessels are 
only used for ascertaining the relative and not the absolute volumes of liquids, 
no error is introduced if the vessels corraspond one with another in the value 
of their graduations. In order to calibrate in absolute volume at ordinary 
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temperatures, the weiglit of water, whose volume at the given temperature 
is equal to the absolute c.c., must be calculated, and this weight must !)« 
substituted for one gram. A correction to absolute volume can be applied 
from the known expansion of water at different temperatures, which is given 
in a special Table ( 982 ). Thus, if a flask contains 250 grams of water at 
15'5", its capacity in absolute c.c.s will be 250 x 1*00097 = 250*2425 c.c. 
Since the absolute c.c. is used in the measuring-vessels employed for 
gas analy.sis, the ves.scls used for gas analysis do not agree in their measure 
rnents with tho.so used for liquids. The above correction can, however, be 
applied, if necessary, to render the volumes comparable. 

The temperature of 15*5° has been selected as the average temperature of 
the laboratory in this country, but Mohr recommended for his volumetric 
system the temperature of 17*5° C. as more nearly representing a mean value. 
Any other temperature, which is convenient under special conditions, may 
bo selected ; but it luust then be employed during the calibration and use of 
the whole series of measuring- vessels. 

244 . Relation of Weight to Volume. — It should be remembered also 
that when ordinary mea8uring-ves.sel3 are used for pure water at 15*5‘’, tlic 
number of c.c. which they indicate will represent the weight of the water in 
grams. In the case of a liquid of relative density different from water, the 
number of c.c. read off must be multiplied by the relative density of the liquid, 
in order Ui obtain the weight of the liquid in grams. 

245 . Measuring and Delivering.— A horizontal line, etched upon the 
measuring-vessel, indicates its capacity to that particular level. In a vessel 
which is intended both to measure and to deliver liquids, the capacity must 
bo indicated by two marks. One of these serves to measure the volume of a 
liquid, and the other to deliver the same volume. The latter will in every 
case correspond to a larger volume, since a portion of the liquid remains 
adhering to the inside of the vessel. 

246 . Reading the Volume. — The vertical section of the surface of a 
liquid in a tube is a curve or meniscus (Fig. 80, p. 142). It is usual to road the 
Ipwcst point of the surface-meniscus in measuring the volume of a liquid. 

(treat care must be taken that the measuring-vessel is placed in a truly 
vertical position while the volume of the liquid is being read. 

247 . Calibration of Measuring-vessels.— Each measuring- vessel should 
be “ calibrated,” or its accuracy tested, by weighing or measuring a deiinite 
amount of water in it at 15*5°. This calibration must be made in a room a.n 
nearly as possible at the temperature of 15*5° C., and the process must he 
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carried on rapidly and without interruption, in order to guard against altera- 
tion of volurao and loss of water by evaporation. 

^ If it is desired to calibrate the measuring- ve.s 8 el in absolute c.c.s, the 
weight of the requi.sito volume of water at 15-5" to bo introduced into the tla.sk 
must be calculated. Thus, for a 250 c.c. flask, the weight of water at 15-5“ 
to bo introduced would bo 250 x 0-909081 - 249-77 grams. The above 
factor is the density of water at 15-5*^, as i.g .shown in the special Table ( 982 ). 

Measuring- ve.ssels are of variou.s forms. Some of these aic described below. 


The Measuring-fla.sk. 

Note , — The mea.suring-tlaflk is used for obtaining a known volume of liquid. 
A graduated measuring-cylinder ( 259 ) may often r('[ilaco the mcasunng-fla.sk. 


Fm. 76. 




248. Measuring-flasks graduated for 1 litre (1000 c.c.), for ^ litre 
(500 C.C.), for i litre (250 c.c.), for 200 c.c., and for 100 c.c., will be found con- 
venient for general use. The level at which the 
upper surface of the liquid stand.s must be in the 
nock of the flask (Fig. 70), and the neck .should be 
narrow to en.sure accurate readings. 

Two marks arc usually etched upon the neck of 
the flask, one for measuring and the other for 
delivering the volume which is marked on the flask 
( 245 )- When the flask is filled to the low'cr mark it 
contains tlie .stated volume ; and when it is lilKvl !<> 
tlie upper mark, the stated volume can bo poureiJ 
out or delivered from the tlask. 





4 ^- 

249. Calibration of the Measuring-flask.-- £t v 
Before a measuring-flask is used, it is well to 
ascertain whether it holds or delivers exactly the The Litre Flask. 
volume w'hich is marked upon it. The following 

methods, by whicli the weiglit of water containerl in or delivered by the 
flask is ascertained, servo to calibrate the flasks for measuring and delivering 
respectively. The results obtained from the different vessels bear a correct 
relation to one another. 


It mu.st bo romombered, however, that the volume of air which i.n displaced by 
a large quantity of water, w considerably greater than that which is displaced by 
the weights which counterpoise it. Ifcnce it becomes ncces-snry to apply a correc- 
'ioti to the weight of the water, as is explained in paragraph 13 , if great accuracy 
required. 
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250. Calibration of a Flask for Measuring. -Tho tlask 
thoroughly cleansed and dried (255» It is then placed 

left-hand pan of a fairly largo balance, sensitive to one decigram, aj^ 
counterpoised by shot or by weights placed in the other scale-pan., 

A weight in grams, equal in value to the number of c.c. which the 
flask should measure, is then placed with the counterpoise on the pan. Thus 
a quarter-litre flask would n quire 250 grams tn bo placed on the scale- 
pan. 

The flask is now removed and placed upon a level surface, and distilled 
water at 15'5° is [)oured into it, until the graduation-mark on the neck is 
exactly touched by the lowest point of the meniscus of the water-surface. 
The neck of the flask is then carefully dried by means of tilter-paper, and the 
flask is replaced upon the empty pan of the balance. If the balance is now 
in exact equilibrium, the graduation of the flask is correct, and no further 
trouble need be taken (247)- 

If the balance is not in equilibrium, one of two courses may be adopted. 
Either the flask may be regraduated correctly (25l)» Ihe requisite correction 
may be applied each time the flask is used (252). The latter course is the 
less convenient in practice. 


25 I> A. Correct Graduation is obtained by increasing or diminishing the 
quantity of water in the flask, until equilibrium is obtained. The flask is 
then again placed upon a level surface, and a scratch is made on the neck, 
with a diamond or with the point of a hard tile, on a level with tha lowest 
point of the meniscus. This will give the true graduation for measuring. 

252. The Correction to be Applied to the Flask is ascertained as follows : 'I'lie 
flask, filled exactly to the mark (250), is placed upon the left-hand pan of the 
balance, with the counterpoising weights in the other pan, as has been already 
de.scribed. Eqi iflbiiuin is then secured by adding the requisite weights to one of 
the pans. The value of thc.se weights in grams is taken as representing the same 
number of c.c. This volume must he added to the volume marked on the fla.sk, 
if the additional weights have been pli.eed upon the counterpoise pan : and 
the volume must be .subtracted from ihat of the tla-sk, if the additional wcigliLs 
have been placed on the same pan os the flask. 'J'he corrected capacity of the flask 
thus obtained should be marked upon it by means of a diamond or a pointed tile. 

„ 253. Calibration of a Flask for Delivering.- The flask is filled with 
distilled water to the graduation on its neck. TTie water is then poured out, 
and th© flask is allowed to drain in an inverted position for a known time, 
say fifteen .seconds, I’lie flask, with its interior still wet, is now placed upon 
one pan of the balance, and its neck is closed by the stopper or by a rubber 
cork to prevent loss of weight by evaporation. The flask is then exactly 
counterpoised by weights or by shot, and weights are added whoso volume in 
grams is equal to the number of c.c. which the flask is marked to deliver. 
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.T^jjflask is then placed on a level surfcice, and is accurately filled to the 
(J|MMhg-mark. It is then replaced upon the pan together with the stopper. 
Ir^e balance is now in equilibrium, the flask was correctly graduated. If 
equilibrium is not produced, a correction must bo applied ( 251 , 252 ). This 
corrected volume will bo delivered by the flask, when it is accurately filled 
to the delivering-mark and is allowed to drain for fifteen seconds after pouring 
out the liquid. 

Expkbimknt. — Calil)rate a quarter-litro flask in the manner described above 
( 250 - 253 ), so as to measure and to deliver 250 c.c. If the measuring-flasks of 
dilTerent capacities have not been already calibrated, they may be treated in the 
same way before they are used. 

The Pipette. 

254 . The Pipette is a tube which is adapted to deliver smaller fixed quan- 
tities of li(iuid than measuring-lltisks do, or to deliver varying .small volumes 
of [quid. A pipette for delivering a fixed volume is shown 

in Fig. 77, and another for delivering varying quantities in Fio. 77. 

Fig. 78. , r 

The pipette must be narrow at each end. The liquid is ,j 
ini reduced by applying suction from the mouth at tlie upper Fig. 78. 

end, while the lower end is dipped into the requi.sito liquid. 

Tlie liquid is thus raised to a higher level than the gradua- 
ti'iii. The upper end is then rapidly closed by the end (;f 
the first finger ; and by carefully relaxing the pressure (jf the 
linger, the liquid is allowed to flow out below, until the lowtT 
curve of the meniscus just reaches the re<iuire(l graduation. 

If the pipette has only one graduation, the measured 
volume may now be delivered into any vessel liy removing 
the finger, and allowing the pipette to empty itself and then 
to drain for fifteen seconds with iU end touching the inside 
of the vessel. 

If the pipette is graduated throughout its length, a 
certain fractional quantity of its entire contents may bo 
delivered by carefully relaxing the linger- pressure until the 
requisite quantity only has flowed out. 

PlPETTKS. 

255. Calibration of the Pipette.— The process of cali- 
brating, or testing the accuracy of a pipette, may be carried out as follows. 

Note.— The pipette itself and more eepecially its interior, must be .scrupulously 
clean for the purpos# of calibration, and if this is not known to bo the case, il 
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should be treated as ia described below. Any trace of greasy matter will cause 
drops of water to bo left on the inner surface of the pipette after it is emptied, 
and will give rise to error. Grease may be removed by tilling the pipette with 
moderately strong potos.sium hydrate solution and allowing it to flow out again in 
about five minutes. The pipette is then rinsed out several times with water, and 
is filled with a warm solution of potassium dichromato in concentrated sulphuric 
acid : after five minutes this is allowed to How away and the pipette is then re- 
peatedly rinsed out with distilled water. 

The clean and dry pipette is first provided with an arrangement for closing 
its delivering end, so that it may be weighed while it contains water. 

This may be simply eilocted by stretching a strip of thin rubber sheet, 
about 10 cm. in length and 0‘5 cm. in width, over its lower end. An ordinary 
rubber ring of the proper dimensions, if cut across at one part, answers very 
well. The middle of the strip is pressed against the tip of the pipette so as 
to close it, and the strip is retained in position by drawing its free ends up on 
opposite sides of the pipette. The ends are then fastened down, while the 
strip is in a state of slight tension, by twisting a piece of copper binding-wire 
over them and round the pipette-tube. The band thus forms an elastic loop, 
which can be stretched over the tip of the pipette and will effectually 
close it. 

The rubber loop having been drawn aside, the pipette is filled up to the 
graduation with distilled water by suction, and its lower end ia externally 
dried. The water is then allowed to flow out, and the pipette is permitted 
to drain for fifteen seconds in an erect po.sition, with the tip touching the 
inside of the beaker. The pipette is now held in a horizontal position, and 
the rubber-loop is stretched over its tip. It is then laid upon the pan of an 
open balance, and is accurately counterpoised without delay. 

The pipette is then held in an upright position, and distilled water at 
is introduced from a long and fine jet of a wash-bottle into the top of the 
pipette, until tlio lowest point of the surface meniscus of the water just touches 
the graduation-mark. The water-level may bo adjusted, if necessary, by 
means of a piece of glass tube drawn out into a long slender capillary ; this 
is pushed down the pipette, and by its means water can bo readily either 
introduced or sucked out, as may be necessary. 

As soon as the pipette is exactly filled, it is onco more laid upon the scale 
paji. A weight in grams, equal in value to the number of c.c. the pipette 
should deliver, is now added to the counterpoise of the empty pipette ( 247 )- 
If this produces exact equilibrium, the' pipette is correctly graduated. 

If the balance is not in equilibrium, the quantity of water in the pipette is 
gradually increased or diminished by means of the drawn-out tube until 
equilibrium is obtained. A file-mark is now made at the bottom of the water 
meniscus, and this will furnish the correct graduation. 

An alternative method, if the oioette is found to be incorrect, is to ascer* 
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tain its true Jelivering capacity ( 252 ), and to consider (his as the volume which 
it delivers. 

Another Method which gives satisfactory results consists in filling the pipette 
up to the mark with distilled water at 15-6“ C., allowing the water to flow out into 
a weighed stoppered flask, and then weighing the flask. From the weight of the 
w'ater thus obtained, the delivering capacity of the pipette is then calcuhitcd. 

Occasionally pipettes of large capacity are used. Jn calihrating these, attention 
to the correction described in paragra[)h 13 is necessary, if absolute nieasureinont 
is required. 

Experiment. — A 2h c.c. pi}:>ette may be calibrated as is described nbovo. All 
the f)i[)ettes which are to be used should bo similarly calibrated if they are not 
known to be correct. 


THE Burette. 

256 - The Burette dilTers mainly from tho graduated pipette by being 
open to atmospheric pressure at the top while it is in use. The outflow 


of liquid from tho lower end is 
start, cd, regulated and arrested by 
means of a glass tap or a suitable 
clamp. 

Tho burette (Fig. 79) is a tube of 
uniform diameter throughout ita 
graduated part. It will be found 
convenient to shape the top of the 
burette into a small conical funnel : 
this may bo effected by softening 
the glass in tho blowpipo-flarae, and 
opening it out by means of a conical 
piece of charcoal. Tho lower end 
is considerably narrowed, and may 
be closed by moans of a glass tap 
or by a pinch-cock which presses 
upon a rubber joint. 

The burette is graduated 
into cubic centimetres and frac- 
tions thereof, and may contain 
20, ,50, or 100 0 . 0 . Those in 
general use have a capacity of 
50 c.c., each 0 . 0 . being divided into 
tenths. 


Flu. 79. 
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The buret te ia usually filled by closing its lower end and pouring in liquid, 
from the toj). The liquid should rise above the highest graduation, and 
should then be allowed to flow out from below until the lowest point of thr 
meniscus just touches this graduation (Fig. 80), 

In filling the burette groat care must be taken that no air-bubbles are 
left in the tap or jet, since when the burette is in use, it is assumed that 
liquid only passes out. The volume of any air-bubble 
which is swept through would be counted as so much 
liquid, since the volume of liquid wliich is sssuiiuhI 
have flowed out of the burette is measured by 
the fall of the liquid surface. 

The burette is supported by ladng clamped in a 
convenient stand (Fig. 79). It should not be held in 
the hand after it is filled, else error is introduced by 
the expansion of the liquid contents, owing to the 
heat imparted by the hand. 

In reading the position of the liquid surface 
against the graduations, the eye should always bo 
in the same horizontal plane as the liquid surface, 
in order that errors of parallax may be avoided. 

Various forms of float may be n.scd to facilitate 
The Erdmann float (Fig. 81) is slightly smaller in 
diameter than the burette, and carries a horizontal mark upon its middle. 
The float keeps uniformly immersed in the liquid and ri.ses and sinks with 
it, if the interior of the burette is perfectly clean [Nole, 255 ). graduation 
on the burette, which corresponds with the mark on the float, is read off aa 
the level of the lifpjid surface. 

If the float is not cm[)loyed, the meniscus curve of the liquid surface in 
^he burette may bo shown with a sharp black outline by holding a card in an 
inclined position behind the burette and near the surface of the liquid. 

If the liquid in the burette is very dark in colour, its upper surface may 
bo read without difficulty. 

257* Calibration of the Burette. — The perfectly clean burette {Notp,, 
255 ) distilled water at 15 C., and the tube below is carefully 

fi*eed from air-bubbles. The calibration is then effected by allowing succe-s 
sive quantities of water, of 5 c.c. each, to flow into a tared stoppered flask 
or weighing-bottle. The weight in grams of each portion of water should 
be exactly equal to the volume of the water in c.c. as indicated by the burette, 
due allowance being made, if necessary, for the expansion of the water ( 247 )- 

258. If the reading of the burette is found to be inaccurate, a table should 
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be drawn up showing its true capacity up to each graduation : the error 
between tw'o successive weighings being di.strihuted equally between the 
graduations which are included in the 5 c.c, interval. 

ThiLS, in calibrating from 0 to 10 c.c. on a burette, the following weights of 
water were obtained. From 0 to 6 , 4'964d grams ; and from h to 10, 4-0781 

^ 

grams. The first c.c. division on the burette therefore correspond.s to - ' 

= O’OO c.c. ; the. second division corresponds to 0‘99 x 2 - 1-08 c.c., and 
so on for the first five divisions. Similarly the sixth division will contain 

" — 0-996 c.c. Therefore the first six divisions of the burette will 

contain 4*95 -f 0996 * 6-946 c.c.; and seven divisions will contain 
6-946 + 0-996 = 6-942 c.c. 

Another method is to draw a curve upon squared paper. The graduations 
of the burette should bo plotted horizontally and the volumo.s vertically. 
The true value of any graduation can then be obtained from the curve. 

KxTKRriMKNT.— A 60 c.c. burette may be calibrated in the above manner. All 
burettes may be similarly tested before being used. 


The MEA.SURlNO-CYLrNDER. 

259 . Measuring-cylinders of thick glass often usefully supplement, or 
replace, the measuring-flasks. Since tlie upper surface of the liquid in the 
cylinder, however, is greater than that in the flask, 
the accuracy of the reading is diminished by using 
the cylinder. 

The cylinder is usually graduated throughout 
the greater part of its length, the successive gradua- 
tions indicating from 1 to 10 c.c. each according to 
the diameter of the cylinder. The cylinder may be 
graduated either for measuring or delivering the 
liquid ( 245 ). 

Measuring-cylinders are of two kinds. One idnd 
is narrowed at the top, and can be closed by a 
clean rubber cork or by an accurately ground 
stopper (Fig. 82). This form is convenient for 
shaking and mixing the liquid contents without 
risk of loss. The other kind of cylinder is open / 
at the top. and is furnished with a lip for pouring 
out. 


eyLWDBB. 
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260. Calibration of the Measuring-cylinder.— A cylinder for mcasur 
ing liquids is most rapidly calibrated by allowing water to flow into it from 
a previously calibrated burette. If the graduations are not correct, it will 
be necessary to construct a table in which the true value of each graduation 
is shown, as is described above in the case of the burette (258). 

If the cylinder is graduated for “ deliver ng,” the interior must be wetted 
( 253 ) before applying the above process. 

Experiment. — A quarter-litre cylinder may be calibrated as is directed above, 
adding 10 c.c. from the burette each time. All other measuring-cylinders may bo 
calibrated in this way before they are used. 


Aoreement of Mea.su ring- vbsseks with onb another. 

261 . It is nece.ssary to ascertain that all the different measuring-ve-ssels 
agree one with another in the value of their graduations. 

For most purposes of volumetric analysis it is not necessary that each 
vessel should be ab.solutely accurate, when it is tested by weighing distilled 
water in it at a standard temperature. It issiuflicient that the relative value 
of the measurements given by the different vessels should correspond. This 
relative correspondence is absolutely necessary. 

Thus two quarter- litres when delivered into Ihe half-litre measuring-flask 
must till it to its graduation ; and the 50 c.c. pipette, when its contents are 
emptied five times in succession into the quarter-litre measuring-flask, must 
exactly fill it to its graduation. 

Evidently the application of a strictly accurate system of correction to 
all the vessels by water-calibration will ensure this relative accuracy. By 
proceeding as is suggested above, the correctness of the previous calibration 
can be ascertained. 


Indicators used in the Volumetric Estimation of 
Acids and of Alkalis. 

^ 262. Indicators which are required for special purposes will be described 
hereafter. The following indicators serve to show the approach, and finally 
the attainment, of the point of neutralisation when an acid and alkali are 
mixed. 

263. General Caution in using Indicators.-— It should be remembered 
that when the completion of a reaction is ascertained by means of an indi- 
cator, or by means of any final colour-change, it is necessary that the one 
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liquid sliould bo added to (ho other in all cases in the same order, else the 
rostills which arc obta.'ned will usually not exactly correspond witli (me 
another. 

Thus if litmus is used as an indicator while an acid is being added to 
standard caustic alkali solution, the acid should if possible bo added to the | 
alkali and not the alkali to the acid, in all procc.sse 8 of estimating acid by the 
alkali in the presence of litmus. 

It is furllier to bo noted that the .solutions .should be of fair concentration 
and of approximately equivalent strength. V'ndue dilution causes .some of the 
indicators to undergo ht tlrolylic dis-sociation, and this piok ngs tlic end reac- 
tion ; but dilution in anyca.se tends to prevent a. sliaip result being obtained. 

The attainment of the point of ncutralmlion is rarely ab; obitely correct. Thus ' 
methyl-orange (268) is more sensitive toward.^ rlknlis than it is l(n\aiils acids, 
nevertheless it Is usual to take the ('Ij.ange fo.i.i yellow (alkali) to pink (acid) 
becanse tlio eye more readily detects this change of colour than the convei.se [i 
change. 

264 . Litmus Solution. —-This solution ia used both for acids and for 
alkalis. It Is most sensitive when it is of a purple colour. The presence of 
must free acids causes the litmus to assume a bright red tint : the jtre.sence 
of free alkali pradnce.s a pure blue tint. The .suliition maybe prepared as 

fulloW'S. 

Digest about 10 grams of solid litmu.s with about 250 c.c. of distilled water 
for a few’ hours in a warm place. Decant tin; clear liquid from the icsiduo, 
and add dilute nitric acid in sulliciont quantity to change the colour of the 
solution to di.stinct purple. 

A More Sensitive Litmus Solution may bo nmdo as follows : Extract .'ll! 
the ooloiiring-matter from tlio solid litmu.s, by rcp'-atcdly digo.sting it with hot 
water. Evaporate' this solution to a inodcrnte volume and convorf all carhonates 
present into acetatc.s by adding a slight cxcc.s.s of acetic acid. Again evaporate 
the .solution over a water-bath until it becomes pa.'-^fy, and tben add an excess of 
iiielliylaled spirit. The spirit will proeipitato the bine cedouring-rnatter, while a 
red colouring-matter, together with the alkaline aceiafe^, will remain in solution. 
The precipitate is trairsfcrn’d to a tilter, and i.s wa.sheil with spirit. It D then 
dissolv(’d in warm water, and the .solution is rendered purple by tlie cautiou.s 
addition of dilute nitric acid. 

Litmus solution should be kept in a corked bottle, the cork being dee[ily 
grooved, in order to allow free access of air to the contents of the bottle. 
Dven when this precaution is taken, the colour of the litpiid gradually hides. 
Ihc colour may u.sually bo restored, however, by exposing the solution to 
the air in an open dish. 

'''mail quantities of this solution may ho conveniently transferred to the 
"olutiona which are to be titrated, by means of a small pipette made by 
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drawing out a piece of glass tube at one end. The pipette is fitted into a 
perforation in the eork, which is in the neck of the store- bottle. 

When some litmus solution is to be removed, the narrow end of the pij)et(e 
is immersed in the liquid, and the upper end is closed by the finger. By this 
means the requisite quantity of liquid can be taken out. If definite quan- 
tities of the solution are to be used, file marks may be made on the tube to 
denote the volumes. The pipette may be marked for the delivery of 2 c.o., 
1 C.C., and 0*5 c.c. 

The presence of free carbonic or boric acid in solution ehanges the l)bio 
colour of litmus to reddish purple. Accordingly when an acid solution is added 
to an alkaline carbonate, the litmus solution acquires a reddish tint, before the 
point of neutralisation of the carbonate by the acid is arrived at. The error 
which would arise from this source is prevented by removing the carbonic 
acid by boiling the liquid. Tlie point of neutrality is known to have been 
just passed, and the reaction is therefore complete, when the solution has 
assumed a bright red colour which docs not change when the liquid is boiled. 

Litmus solution indicates correctly mineral acids and strong organic acids 
such as oxalic acid. It may also be used for alkalis, alkaline carbonates, 
alkaline hydroxides and ammonia. Its indjpations are not interfered with 
by the presence of ammonium salts. 

i 

265- Litmus-paper, — A moderately .strong solution of purple neutrsl 
litmus solution (264) is prepared, and strips of glazed paper are drawn through 
it. The strips are hung up to dry in a room free from acid fumes. Ordinary 
glazed paper produces a more sensitive test-paper than filter-paper does. 

266. Cochineal Solution.-- The colour of the solution is yellow, and 
this is turned to reddish violet l)y alkalis. The reddish violet solution of 
cochineal is changed to yellow again by mineral acids, but is not easily 
affectcKl by weak organic acids. The solution should not be used in the 
presence of compounds of iron or of aluminium, or of acetates. 

ITiis indicator is not affected in colour by carbonic acid. It also ))os- 
sessos the advantage over litmus that the change of colour produced by 
free acid can be more readily seen. by artificial light and in the presence of 
coloured organic matter. 

• The solution is prepared by digesting about 10 grams of powdered oochine!.! 
for several hours at a gentle heat in a litre of weak spirit, made by mixing 
200 c.c. of methylated spirit with 800 o.o._of water. The clear liquid is 
decanted from the sediment, and is then ready for use. 

267. Turmeric-paper.— The yellow colour of this paper is changed to 
reddish brown by alkalis. Since turmeric is gradually bleached by exposure 
to daylight, the test-paper should be kept in the dark. 
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The paper is prepared as follows. Powdered turmeric-root is digested 
two or tliroe limes with small quantities of water. This treatment removes 
some object ionahle inert colouring-matter. The active colouring-matter 
is then extracted by digesting the powder with methylated spirit, which has 
I)cen diluted with twice its volume of water. Strips of filter-paper are drawn 
thrmmh the clear solution thus obtained, and are hung up to dry in the air 
with as little exposure to daylight as possible. 

Turmeric-paper may be used as an indicator in estimating COj in air by 
rettenkofer’s method ( 912 ). 

268 . Methyl-orange. — This substance is also known as Tropaeolin D, 
nr Orange 111. In alkaline solution its colour is yellow, but this colour 
changes to red on the addition of a mineral acid. The change of colour is not 
[iroduced by carbonic acid or other feeble acids, licnee this indicator may | 
be used for the titration of the more powerful mineral acids in the presence 
of carbonic acid and the feebler organic acids. 

The presence of much water causes the red colour of a faintly. acid solution of 
incthyl-orangc to hocoinc yellow. Thi.s is probably due to hydrolytic di.ssocia- 
tioii. Care must therefore l)o taken that the concentration of the solution under 
titration is about the .same as thdt of the standard acid.s and alkali.s n.sed. 

The solution is prepared by dissolving I gram of inelhyl-orango in a small 
quantity of methylated spirit, and making the solution up to a litre with 
methylated spirit which has been diluted with its own volume of water. The 
solution docs not decompose or undergo change by being kc[)t. 

269 . Phenol-phthalein.— The solution of this indicator in alcohol is 
colourless. When a few drops are added to the solution of an alkali, the 
liquid assumes an intense red colour : this colour is readily destroyed by the 
addition of an excess of either mineral or organic acid. Phenol-phthalein 
is suitable for the titration of inorganic and organic acid.s and of strong bases, 
* but it cannot be used in the presence of carbonic acid, or of ammonium “alts ; 
it is therefore not suitable for titrating ammonia by an acid. 

The presence of free COj in ordinary distilled water causes a slight error, 
which should be allowed for, particularly if decinormal acid solution is used. 

Concentrated solutions of alkaline hydroxide do not give a red colour with 
this indicator ; such solutions should therefore be previously diluted with 
water. 

The solution is prepared by^dissolving 0 2 gram of pure phenol-phthalein 
ill fiO c.o. of rectified spirit, adding 40 0 . 0 . of waiter, and then filtering if 
nccossivry. 
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Standard Solutions. 

270. Standard Solutions. — The solutions of definite strength which me 
used in volumetric analysis are termed Standard Solutions. A standard solu 
tion may be made of any strength, W'hich is suitable for the i)artieular estima- 
tion to which it is applied. 


271 * Normal Solutions.— A standard solution is said to be of Normal, 
or Equivalcvi Strength, when 1 litre contains the equivalent weight in giaiiis 
of an element, acid, alkali, or salt. 

By the term equivalent i.s understood the weight in grams of the substanc t 
which is chemically equivalent to 1 gram of hydrogen, to 40-06 grams of NaHO, 
to 36*46 grams of HCl, or to 53*05 grams of 

Thus a normal solution of KOH contains 56*16 granjs itf the solid substance 
per litre, and a normal soluti(-u of IlNO.-j contains 63*0!.!' grams of the acid in 

the litre. But the normal solution of NojCOj will contain only ^ ^ ~ 53*()r) 

grams of that salt per litre, since two molecules of monobasic hydrochloric 
acid arc required to neutralise onif molecule of .sodium eaibonate. Similailv 

the normal solution of dibasic .sulphuric acid will contain only - 41l*(4 
grams jicr litre. 

The capital letter N is us('d to denote a normal .solution. A solution ( I 


one-half the 
of one-tenth 


normal strength is termed a Suninormal Solution 



if it i.s 


the normal streiigth it is known as Decinormal 



and if it 


is^'of one-hi ndredth the normal stiength, it is a Centinormal Solution 



Ao/r.— Tlie above dehnition explains the ordinary nijplioation of the term 
Normal and of it.s derivatives. But these terms arc fiometimes u.sed with a dilTereiit 
implication. 4 bus the oxidisuaj power of potassium permanganate and of potas 
Slum (lieliromute is often the basis on which the above terins are applied. In m id 
solution KMnO^ is reduced by many .substances according to the following eiiuatioii : 
2KMnO^-= K,0 + 2MnO + 50: in which 2 gram-molccule.s of KMnO/coi respoiul 
to.^5 gram -atoms of oxygen or to 10 gram -atoms of hydrogmi : and in order to place 

pcEmangunate. on a hydrogen basis a normal solution is made to contain -x- 

316*3 

- 31 *03 gram.s per litre. Similarly, the molecule K.Cr^O, can impart 3 ntom.H 
of oxygen to certain Hubstanc-H in acid solution, and a normal solution therefoie 
contains ^ grnm.s to the litre, the decinormal solution 

tuntaininj 44X13 grama. 
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272. Molecular Solution. — A standard solution wliich contains the 
molecular weight of the substance in grams in 1 litre, may 1)0 distinguished 
as a Molecular Solufion, and is distinguished by the capital letter M. Solu- 
tions of fractional strength are distinguished by the prefixes semi-, deci-, and 

M M M 

centi- rcspootivcly, and are shortly denoted by - , and 


Storage and Preservation of Standard Solutions. 

273. Winehestor-quart bodies are suifable for the storage of standard 
solufions. d'lj(' bottle which is to eontaiii tla^ sohition should not only bo 
clean but dry. If it has been recently wjished and is still wet inside, it must 
be rinsed out with a portion of the standard solution, since the moisture in 
the interior of the bottle would alter the strength of the standard solution. 
As soon as the solution has been introduced, the bottle should bo securely 
stoppered. It is then immediately labelled with the name, strength, and date 
of the preparation of the solution. The label should also boar the initials of 
the maker of the solution. 

Evaporation of water from the standard solution invariably occurs when 
the bottle is ojioned for use, and may even take place slowly wliilc the bottle 
is closed. Home substances also undergo chemical change in solution in course 
of time. Hence a ataiuiard solution usually alters in st.rongth when it is 
stored. The amount of thi.s alteration will depend upon the substance 
dissolved, the ago of the .solution, and the frocpiency with which it is used. 
An o[)inion may bo formed as to the probability of cliango having 
occurred in the strength of the solution by noting the date of its prepar.'vtion. 

It must further bo remembered that, unle.ss the bottle is completely tilled 
with the solution, internal evaporation and condensation will load to the for- 
mation of drops of pure water on the upper [lart of the interior of the bottle. 
Caro must, therefore, bo taken to .shako the bottle befoi'O removing the stopper, 
so a.s to mingle this water once more with the solution. 

Loss by evaporation is checked by drawing a tightly fitting rubber cap 
or finger-stall down over the stopper and neck of the bottle. This not only 
keop.s the stopper firmly in its seat, but also forms a waterproof covering 
which servos to keep the lip of the bottle clean. 

Another method of preventing evaporation is to close the bottle with a 
rubber stopper instead of with an ordinary cork. Or a gla.s3 stopper, which 
Is somewhat too small for the nook of the bottle, may bo used ; the stopper 
has a suitable piece of tightly fitting black rubber tubing drawn over it : the 
stopper i.s then virtually a rubber one. A rubber stooper is always to be 
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preferred for a bottle containing a solution of caiisl ic alkali, since a glass stopper 
becomes set fast in its seat by the action of the alkali upon the glass. 

Standard solutions should bo kept in a cool place, as the evaporation 
of water from the solution will naturally bo less when ths temperature of the 
storeroom is low. 

Some standard solu lions undergo chemical change by the action of light, 
and should therefore be kept in the dark. A cold, dark closet or cellar is 
generally the most suitable place of storage for standard solutions : but if 
they cannot be stored in the dark, the bottles may be externally coated with 
black paint or with black opaque paper. 



PAET TTT .-SECTION VI. 

ALKALIMETRY AND ACIDIMETRY. 


Tlio student should note that niaiiy directions and precautions, which are ol 
general irnj)ortaricc in the preparation of standai'd solutions, are given in para- 
gra]>h3 283 289. 'rhcsoiire not repeated in the subsequent portions of the text. 


Normal Sodium Carhonate Solution. 

283* Tlii.'s is a somi-nioloeular solution, and contains 53'05 gram.s of 
Nii,,r():, per litre. 

Ill describing the general method of preparing this li(iiii(l, it must be 
remembered that contraction of volume occurs during the stdution of sodium 
carbonate in water. A similar contraction occurs in the preparation of 
many other solutions. Hence a standard solution cannot be obtained by 
pouring water upon the requisite weight of the salt until the necessary volume 
is attained. The only plan i.s to make up the solution of the salt to its true 
volume in the measuring-vessel itself, by adding water at the proper tempera- 
ture, and ef)n 8 tantly mixing it with the solution. 

284. Preparation of the Solution.— NuoCO;, is most readily obtained 
in the pure state by igniting pure sodium bicarbonate. 

Tliu bicarbonate should lirst be te.stcd for traces of chloride and sulphate. 
l'iii.s is effected by shaking it for some time in a stoppered bottle with a small 
quantity of distilled water, and then applying the necessary tests to the clear liquid. 
If ehlorido or sulphate is pie.scnt, about 100 grams of the bicavbouate are shaken 
with a small quantity of distilled water, the salt is allowetl to settle, and the litjuid 
is decanted. The washing is repeafed with fresh portions of distilled water, until 
the last washing-water gives no leaction for sulphate or for chloride ; the bicar- 
bonate is then drained on a porous tile and is dried by pressing it between dry 
sheets of filter-paper. 

100 c.c. of the nonnal solution will sullice for present purposes. This is 
prepared as folhjws ; 

About 9 grams of the pure bicarbonate are spread in a thin layer inside 
a weighed platinum or porcelain dish. The dish and its contents are then 
healed over a Bunsen ilame to dull redness for about twenty minutes. Caro 
luust bo taken not to fuse the salt, else some of the NajCOj will be decom 
posed. After the dish has cooled in a desiccator, it is weighed. It is then 
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healed again for ten minutes, allowed to cool, and wciglied. These prueosscs 
are reiieated until the weight remains constant. The weight of |)ure Xa^COg 
in the dish is now found by subtracting the weight of the dish. The standard 
solution may be prepared from this carbonate according to the direetions 
given in (a) or in (b), and is at once stored in an accurately stoppered bottle. 

(a) The Volumo of the Normal Solution, which would contain the 
above weight of NajCOj, is found by Calculation ; the carbonate is 
dissolved and the solution is made up to this volume.- Thus if the 

5-7 X 100 

sodium carbonate weighed 6-7 grams, it will furnish 

the normal solution, since 5*305 grams of NajCO., arc required for 100 c.c 
of tiormal solution. The procedure is os follows : 

The weighed carbonate is transferred from the dish to a smull beaker 
without loss, and the dish is rinsed out into the beaker with successive small 
quantities of hot distilled water until every trace of the carbonate bos been 
removed. 

The carbonate is then di.ssolved by stirring it with the water in the beaker ; 
the solution is poured down the stirring-rod into the 100 c.c. Hash, and the 
beaker is rinsed with three or four successive small quantities of water, wliich 
are also poured down the rod into the flask. 

The liquid is now made nearly up to the 100 c.c. mark with distilled water 
at 15*5", and i.s constantly mixed by shaking. The neck of the vessel is then 
closed by a glass stopper or by a clean dry rubber cork, and its contents are 
thoroughly mixed by .shaking. The .solution is finally made up precistdy 
to the mark, by placing the vessel on a level .surface, and slo^^ filling in 
water from a pipette, or burette, or from a wash-botllo with a fine jet. The 
bottom of the meniscus of the liquid surface must now just touch the 
graduation. 

The volume of water required to make the liquid up to 107*4 c.c., which 
in (he above example amounts to 7*4 c.c., is then added from a burette, and 
the liquid is once more thoroughly mixed. 

The liquid may then Ije transferred from the flask to a clean, dry, 
stoppered store-bottle. 

(b) The Weight of the Sodium Carbonate is brought to exactly 5 305 grams ; this 
is dissolved, and Is made up with water to 100 c.c. The adjustment of the weight 
of the carbonate may bo ofifected by removing small quantities of the carbonate 
from fhe dish with the point of a penknife, while the dish is on the scale-pan, the 
weights having; been first adjusted on the other pan so os to bo equal to the weight 
of the di.sh -f 5*305 grams. The salt is then dksolvod, and the liquid is brought 
to the requisite volume as is described above (a). The liquid is then well mixed 
by shaking it in the flask. 
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Normai, Sulphuric Acid Solution. 

285 . solution is a setni-molocular one, and should therefore contain 
49 04 grams of pure H.iS ()4 per litre. 

The general procedure for the preparation of the solution is as follows : 
An appropriate quantity of pure strong oil of vitriol is diluted with water in 
a thin glass vessel. The hot mixture is then cooled, and its strength is ascer- 
tained by titrating a portion of it with the standard sodium carbonate solu- 
tion (284). As soon a.s the strength of this diluted acid is accurately known, 
the amount of further dilation with water, which i.s necessary in order to reduce 
it to the normal condition, may be easily calculated. 

286. Preparation of the Solution.— 30 c.c. of pure oil of vitriol are 
allowed bo flow into about 200 c.c. of distilled water contained in a thin glass 
flask. The liquids arc well mixed, and the mixture is cooled by shaking it 
round while a stream of tap- water flows over the flask. Ihe cold liquid is 
transferred to a litre llask, and its volume is made up to one litre with constant 
mixing. A p('rtion is then titrated with the standard sodium carbonate 
solution as is <le 3 cribed below. 

Preliminary Titration of the Acid Solution.— A clean and well-drained 
20 c.c. pipette is rinsed out, by partly tilling it with the normal .sodium car- 
bonate solution by suction, shaking the Ihjuid round in the pipette, and allow- 
ing it to flow^wuy into the sink. The pipette is then once more charged 
with the normal solution exactly to the 20 c.c. mark, hy sucking up more 
than the requisite volume, quickly applying the first linger to the top of the 
pipette. The 20 c.c. of liipud is then alk.wed to flow into a 250 c.c. flask or 
beaker liy raising the linger from the end of the pipette, and some water is added. 

If tho interior of the pipette wa.s not only clean but perfectly dry, the preliini- 
fiary rinsing with tho solution may bo neglected, since in that ca.se thiro is no 
dangor of diluting tho standard solution with water adhering to the interior o t o 
liipcttn. 

A burette has now to be charged with the ililuted acid. If the interior 
of the burette and tho jet arc not perfectly dry, they must be rin.sod out with 
a small quantity of the acid, which is rejected. The burette is then filled with 
Ibo acid, and air-bubbles are carefully removed from the tap or jet below, 
by allowing some of the liquid to flow rapidly through into the bottle. J ho 
burette is then flnallv filled precisely to tho zero mark. 

^ulficient methyl-orange solution (268) is now added to the sodium oar 
bonato solution in the llask to give a pale yellow colour to tho liquid. 

1 bis yellow colour will furnish an indication by changing ti* pink when 
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sodium carbonate has been exactly neutralised by the addition of the dilute 
acid from the burette. 

The flask is placed upon a white plate or tile, and the acid from the burette 
is droi)ped gradually into the sodium carbonate solution, and is constantly 
mixed with the solution by shaking it. The addition of acid is continued 
until the yellow colour of the whole liquid just begins to change to rod. 

It is important that the acid should be added in the slightest possible 
excess, and that the change to permanent red should be produced only on 
the addition of the last drop of acid. 

The voluitffe of the dilute acid solution, which has been required for the 
neutralisation of the sodium carbonate in the flask, is now read off on Iho 
burette ; and this result is confirmed by a repetition of the titration in a 
precisely similar manner, with a fresh quantity of the sodium carbonate 
solution. The two titrations should not differ by more than 0-1 c.c 

If Neutral Litmus Solution (264) is used os the indicator in this titration, 
it must be remembered that the chnngo of colour to red does not indicate coinplclt) 
neutralisation by the conversion of the alkaline Na^^CO^ into neutral Na,.S(),, 
because the CO , which is liberated in the reaction, dissolves in the cold liquid and 
exerts an acid reaction upon the litmus. 

In order to expel this dissolved CO_,, the liquid in the flask is boiled for a few 
minutes, and the blue colour, which is thus restored, is again just converted into 
red by the cautious addition of acid from the burette. 

The liquid is now once more boiled, and if the rod colour of the litmus rcniniiw 
unchanged the neutralisation is complete. If the colour still changes when tin' 
solution is boiled, the above processes must bo repeated until the liquid reinaiiw 
red after it has been boiled for a few mimites. ^ 

A comparison-flask may be prepared in which a similar quannty of water and 
litmus solution has been made distinctly red by the addition of acid. This will 
serve to show the red tint which must be obtained in the test-fla‘k. 

287. Process of Dilution to Normal Strength. —These titrations will 
prove that the acid solution Is somewhat too strong. It may bo made normal 
by proceeding as is described in the following example : 

In a special case, the 20 c.c. of the alkaline solution were exactly neutra- 
lised by 18*4 c.c. of the acid solution. It follows that 18*4 c.c. of the acid will 
require to be diluted to 20 c.c. in order to furnish a standard acid, which is 
' exactly equivalent to the alkaline solution. A litre of normal acid is therefore 
made by mea.suring 18’4 x 60 = 920 c.c. of the acid into a litre flask, and then 
diluting this to a litre with distilled water. This diluted acid is now thoroughly 
mi3^d, and is once more titrated with the alkaline solution, os has boon 
already described (286), in order to ascertain that it is correct. 

Titration after Storage. — The acid solution usually becomes more or 
altered in strength after il has been stored for some time (273)* it® strongtl' 
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will therefore require to be occasionally ascertained by titrating it with a 
freshly prepared solution of sodium carbonate. 

20 c.c. of the solution may be used for ascertaining its strength by titra- 
tion, and the titration may be clTectecl from a CO c.c. burette, which should 
fiirnbh enough liquid for two titrations. 

288. Correction of Standard Solutions by means of Factors.~lt 

is not usual to bring back a solution, which is found to be slightly in error, 
to its true standard. Instead of this a correction is applied to the solution 
when it is used. This method of correcting the solution will be rendered 
intelligible by the following e.vample: 

In a special case 19‘8 c.c. of standard acid solution were required, instead 
of 20 C.C., to neutralise 20 c.c. of freshly prepared normal sodium carbonate 
solution. Accordingly the number of c.c. of this acid which have been 

20 

emj»l()ved in any titration will require to be multiplied by . -r- = LOl, in 

order to lind the number of c.c. which would have been required if the acid 
had been normal. The number I'Ol is termed the “ Factor ” of the solution. 

The factor which is required for the correct j(.»n of a standard solution 
should be entered upon the label of the bottle from time to lime, with the date 
of its determination. 


Formal Sodium (Ivdrate SoruTioN. 

289 * This Solution contains 400(> grams per litre ; it is prepared by 
dissolving about 44 grams of pure sodium hydrate in water. 

If the solution is required to bo free from sodium carlxmate and from other 
sodium compounds, it may be prepared by the action of metallic sodium upon dis- 
tilled water. 

Sodium hydrate solution is pi-oparcd from metallic sodium as follows . About 
2.) grams of clean sodium are out into small pieces. These pieces are introduced, 
one by one, into recently boiled and cooled distilled water contained in a platinum 
or silver dish. The dish is covered with a clock-glass immediately after the addi- 
tion of each piece of metal, in order to prevent the loss of NaOH by spirting ; and 
tho reaction is allowed to complete itself, before each succe.ssivo addition of the 
metal. 

The strong solution of the hydrate is now diluted to a litre with distilled 
"ater, which may have been recently boiled and cooled so as to insure its 
fi’oedom from carbonic acid. 20 o.c. of the solution arc then mixed with a 

drops of methyl-orange solution (268), and are titrated by adding normal 
8'^lpiiurio acid (285) from a burette. The sodium hydrate solution is then 
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brought to the normal strength by diluting it to the requisite extent with 
distilled water (287). 

This solution should be again titrated occasionally by means of the standaid 
acid, since it is subject to change w'hen kept. The bottle, which contains it, 
should be closed by a rubber stopper (273)» since a glass stopper is apt to 
become set fast by the action of the alkali upon the glass. 


Normal TlYDROcuLORfo Acid Solution. 

290. This solution ontains . 3 (>* 4 r» grams per litre. About loO c.c. of 
pure strong hydrochloric acid, which has a specific gravity of 1*14 and 
contains 28 per cent of HCI, are diluted to a litre. The exact strength of 
this solution is ascertained by titration with normal sodium hydrato 
solution (289) according to the directions given in paragraph 286. The acid 
solution is then brought to standard strength by dilution with water {287)' 


Estimation of the Total Acid in Vinegar. * 

29I« Thi.s estimation depends upon finding the amount of seminornial 
sodium hydrate solution, which i.s ro<|uired to neutralise the acid present in 
a known (piantity of tlio vinegar. 

25 c.c. of the semi-normal sodium hydrate .solution (289) are measurcfl 1 )}' 
a jdpetto into a small Ihisk. The vinegar is then added to the alkaline solution 
frijtn a burette with constant mixing, until a rlrop of the li(piid, when placed 
upon litmus-paper {265) by a thin glas.s rod, just reddens the paper. Thi.s in* 
dicates the end of the titration. 

If the vinegar is colourless or nearly bo, a few drops of neutral litmus 
solution (264) i^Riy be added to the liquirl in the llask, instead of using litmus- 
paper, and this renders the proco.sa of titrati(m more rapid. 

The point of neutrality is still more rapidly ascertained by adding a little 
phenol-phthalein solution (269) **^''toad of litmu.s to the sodium hydrate snlu- 
''tion in the flask. The vinegar is added from the burette until the rod colour 
disappears. Tliis inrlicator may be used oven with slightly coloured vinegar, 
and yields more accurate results than litmus does. 

In calculating the percentage weight of pure acetic acid which is pro.scnt 
.in the vinegar, it should be noted that according to the equation 
H.CjHjOj + NaOH = NaC^HsOa + HjO, fl 0’03 grams of acetic acid exactly 
neutralise 40'06 grams of NaOIl. 
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Therefore each c.c. of the seniinormal B«KJium liydrute sohiiion will 
60'03 

neuicnlise gram of acetic acid. The amount of vinegar 


uhieh is required to neutralise the 25 c.c. of sodium hydrate, will accordingly 
contain 25 x 0*03 = 0*75 gram of acetic acid, "J'he number of c.c. of vinegar 
used may be taken as tlie weight of the vinegar in grams ( 292 ), and the ])er- 
icntage weight of acetic acid in the vinegar is then calculated by proportion. 


292 . The Weight-lurelte.— For ordinary pur{X)se.s it is sufficiently accurat* 
to assume in the above calculation that each c.c. of vinegar weighs I gram. This 
assumption is, however, only absolutely true of pure water at 4° C. And .since the 
specific gravity of the vinegar differs sligltlly from that of water, and its tempera- 
ture is higher than 4° C., the volume of the vinegar in c.c. must be brought to 4 ° C. 
and this must be multiplied by its s{HJcirie gravity ( 33 - 38 ), in order to obtain the 
true weight of the vinegar. The correction thins applied ncco.ssitatcs tlie deter- 
mination of the specific gravity of the vinegar. 

This is rendered unnecessary, if the ordinary measuring-burette i.s replaced hj 
a weight-burette (Fig. 83). The weight- burette i.s a .small, thin 
flask with a narrow delivery-neck, and a broader o[)ening to Fio. S3, 
bo closed by the finger. The clean and dry burette is half 
filled' with vinegar and weighed. 

The vinegar i.s then gradually .vdded to the .sodium 
hydrate solution by tilting the burette. The buretle with 
the remaining vinegar is again wciglicd. after the titration 
has been finished. The weight of vinegar, which has 
lieen used in the titration, is eijual to tlie difference between \\ kiout-bukette. 
lliesg two woigliings. 

The burette must be kept stop|ierod when it is not in use, in order to guard 
agaiiust loss of weight by evaporation. 



Indihect Estimation of Barium or Calcium in Solution by 
Standard Solutions ok Na./X )3 and of Acid. 

293- The method consists in adding a known volume of dccinormal 
sodium carbonate solution ( 27 I 1 283 ) tO the neutral solution containing the 
^'aiiuin, the sodium carbonate being added in quantify moie limn sufficient 
prcci})itato the W’hulc of the barium a.s carbonate. After the solutions 
have been thoroughly mixed by stirring, the barium carbonate is removed 
hy filtralion and waslied. The filtrate and washings arc mi.\ed and made up 
a know n volume, and the excess of sodium carbonate Is then determined 
m an aliquot part of this liquid by titration with decinormal hydrochloric 
''«kl .solution ( 271 , 290 ). 

] he difference between the quantity of sodium carbonate thus found by 
titration, and the original quantity taken, furnishes the weight of Na|CO| 
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wluch is necessary to exactly precipitate the barium as carbonate; and from 
this the weight of barium which was originally present in the solution may 
be calculated as is shown in the following example ; 

In a special case the barium solution was precipitated by adding to it ?/0‘2 c.c. 
of dcciiiormal sodium carbonate solution. The excess of sodium carbonato, 
contained in the filtrate and washings, required 5 4 c.c. of dccinormal hydro- 
chloric acid for its neutralisation. Hence the volume of sodium carbonate solution, 
which wa.s required to precipitate the barium, was 30’2 - 5-4 «= 24-8 c.c. and each 
c.c. of tliis solution contains 0‘005306 gram of NajCO,. 

Now from the equation, BaCl, + Na,,(X )3 = BaCO, + 2\a(M, it will bo seen 
that 1I17-4 parts by weight of Ba are precipitated by lOlVl of Na^CO,. 

Therefore each c.c. of the Na .,(/03 .solution corresponds to 
137-4 X o-oor)3tm 

- — 0 00087 gram of Ba. 

Hence the weight of Ba which was present in tho above solution jg 
24-8 X 0 00085 - 0-169 gram. 


294 . A Less Rapid and Less Accurate Method con.sists in precipitating thfi 
barium as carbonate, from a known quantity of its neutral solution, !)y the nddilinn 
of sodium carbonate solution in excess. The filtered and well-wa.shcd precipilidc 
is dissolved in a known volume of dccinormal hydrocliloric acid ( 65 , 66 ), which 
must be added in slight excess ; the solution i.s boiled for five minutes, nnd thf 
excess of aci<l in the .solution is then titrated })y adding standard NaOH solution 
from a burette iu tho presence of methyl-orange ( 268 ). 

The results thus obtained furnish the necessary data for finding the wmi^lit 
of HCl, which is required to convert the Ba from carbonate into chloride: 
BaCOj -f2HCli« BaCij + UOj + H^O. Prom this the weight of Ba may l )0 
calculated. 


Direct Estimation of Ammonium in its Compounds by Evof.v- 

TNG, AbSORBINO AND TiTRATINO THE AmMONIA. 

295 * ammonia, expelled by heating the ammonium compound widi 
caustic alkali solution, is absorbed in a known volume of standard acid, and 
the excess of acid is determined by titration with standard alkali solution. 

This method of estimation by means of standard solutiohs is much more 
^rapidly carried out than that described in paragraph 173 . 

The ammonia gas is evolved and absorbed in precisely the same way 
has been described in paragraph 173' The gas i.s absorbed, however, in M'd 
C.C. of normal sulphuric acid ( 286 ) in the flask {h, Fig. 67, page 101). 

As soon as the evolution and absorption of the ammonia is complete, the 
absorption-apparatus is rinsed out with water os has been already described 
(I73)> washing- water are made up to 200 0 . 0 . The well- 

mixed liquid is then transferred to a burette, and is allowed to exactly 
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neutraHse 10 o.o. of normal soda solution ( 289 ), using eitlicr litmus or melhyl- 
orange as an indicator. Two titrations should not differ by more than 01 c.c. 

Tlie Following Example will serve to illustrate this process and the method 
of calculation ; 

O’O.'lf) gram of crystallised ferrous aimuonimu sulphate was weighed out, The 
ammonia was absorbed by 100 c.c. of normal sulphuric acid. After the alisurption 
was completed the liquid was made up to 200 c.c. 

21 c.c. of this liquid were found to exactly neutralise 10 c.c. of normal NaHO : 

200 X 10 

theiefore 200 c.c. would require = 96-24 c.c. of normal NallO, and the 

number of c.c. of H.SO, neutralised by the 100 - 9,5’24 =» 476. 

And since each c.c. of acid corresponds to 0 018 gram of NU , the weight of 
Nil, in the .salt-- 4 76 x 0-018« 0-08668; ' 

0-08568 X 100 

hence the percentage of NH^ =■ 0 OS.'T ” 

Another Method for estimating Ammonia volumetrically is given in para- 
graph 296 . 


Indirkct Estimation of Ammonium in its Compounds oy means 

OF Standard Soi.utions of Sodium Hydrate and of Acid. 

Notf. — Thi.s method is convenient when free acid is present with the 
ammonium salt, as in the ** sulphate of ammonia ” of commerce. The amount 
of free acid can then be first titrated by standard .sodium hydrate solution ; 
a known exce.ss of tliat solution is then added, and the ammonia is estimated after 
boiling the liquid os is doscribed below. 

296 . The indiioct method described below may be applied to any am- 
monium salt of definite composition ; this excludes the carbonate. 

It depends upon decomposing the salt by boiling it with a known volume 
in excess of standard sodium hydrate solution ( 289 ), the boiling being con- 
tinued until no more NH 3 escapes with the steam. The excess of sodium 
hydrate present in the liquid is then estimated by titration with a standard 
acid, using litmus or methyl -orange as an indicator. 

In carrying out the process, the ammonia is known to have been completely 
expelled, when a strip of moistened turmeric-paper is no longer rendered 
hrown by the escaping steam. 

In the reaction which occurs, the quantity of sodium hydrate which is 
neutralised Is proportional to the amount of ammonia which is evolved. 
This is shown by the following equation, which represents the reaction in the 
case of ammonium chloride : 

NH 4 CI -b NaHO => NH 3 + NaCl + HjO. 

this it is seen that 17*04 grams of NH, correspond to 40 06 gfams of 
NaOU neutralised. 
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The Following Example will serve as an illustration process and of the 

calculation. ‘ ' 

11302 grams of an ammonium salt were mixed with 60 c.c. of normal sodium 
hydrate solution, and the licpiid was boiled until turmeric-paper was no lonpri 
discoloured when it w-na held in the escaping steam. The liquid was then coloured 
by the addition of a few drops of litmus solution, and semi-molecular or normal 
sulphuric acid was added until the litmus just turned bright red. The voluniH 
of acid required was 30 c.c. 

Now .since the sodium hydrate and the acid solutions are equivalent to one 
another, tlie amount of sodium hydrate solution which has been neutralised hy 
the ammonium salt i.s 60 - 30 = 20 c.c. And since each c.c. of the NaOH solutidu 
is eciuivalcnt to 0-017049 gram of NH^, the weight of NII^ present is 20 x 0 0170}', i 

0-3409 X 100 

3=^ 0-409 gram. Therefore the percentage of NH , pre.scnt is — 

18-052 X 30-16 

And the [icrccntage of NH^ present is 17 () 4 q 


297. Other Examples for Practice. — Brief details are given below of certain 
e.stimation.s which involve the use of standard acid and alkali. Some of them me 
80 simple that tht-y might well precede many which have been already dosciirnd. 

Weigh out accurately about 10 grams of each of the following substances, and 
dissolve them separately in separate portion.^ of water. 'Then dilute ouch solution 
to 260 c.c. and make tlie estimation as is stated below. 

(a) Sodium carbonate, sodium bicarbonat**, potassium bicarbonate 01 horm 
is titrated with normal sulphuric acid, using nu-thyl orange as an indicator. 

(b) Alkaline earth hydroxides or carhonalcs ate mixed with excess of iiomul 
hydroehlorie acid, and the excess of at id is titrated with normal sodium liydr.-iu- 
solution, using methyl-orange as an indicator. 

(C) Strong sulphuric, hydrochloric or nitric acid, or an acid salt such as KIISO, 
is titrated with normal sodium hydroxide solution, using either nu‘thyl-oraii,>'i' or 
litmus as an indicator. 

(d) Acetic, oxalic, citric or other organic acid is titrated with normal sodium 
hydroxide solution, using phenol phthaleiu as an indicator. 

(e) The organic salts of the alkalis and alkaline earth metals are strongly lualtd 
and converted into carbonates, and these carbonates are titrated as is directed umLi 
(a) and (b). 
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PROCESSES OP OXIDATION AND REDUCTION. 


Valuation of Bleaohino-powder by Oxidation of Alkaline 
Arsknitb. 

300. Introductory. — The composition of dry blenching- powder, when it 
is in the freshly- prepared state and fully charged with chlorine, may be repre- 
sented by the formula 2CaOClj.Ca(OH)2. When this substance is treated 
with water, it yields a liquid which probably contains CaClj and Ca(OCl), 
together with some Ca(OH)j. The value of the bleaching-powder depends 
on the amount of Ca(OCl)j which can be produced by dissolving it is 
water. 

In the ordinary applications of bleaching-powder, there is little doubt 
that the nascent oxygen furnished by the hypochlorite is the active agent. 
Rut it is not customary to estimate the value of bleaching-powder from the 
percentage of the hypochlorite, or of the nascent oxygen which it can furnish. 
The weight of chlorine, which is chemically equivalent to this oxygen, is 
ordinarily returned, and this is termed the “ available chlorine.*’ 

When bleaching-powder of the above composition is acted upon by an acid 
the whole of its chlorine is set free and becomes " available ” s 

2CaOClj.Ca(OH), -h SIL^SO* « 2C1, + SOaJSO, + 4H,0. 

Hence the weight of* available chlorine in good bleaching-powder corre- 
sponda to the whole of the chlorine which it contains. Chlorine compounds, 
which contain chlorine in a condition unavailable for purposes of chlorina- 
tion or oxidation, are, however, often present in bleaching-powder. This may 
arise from careless preparation or storage of the powder. Hence the available 
chlorine in bleaching-powder is usually less in amount than the total weight 
of chlorine which it contains. 

The above formula represents bleaching-powder which contains about 
iO per cent, of chlorine But bleaching-powder does ilot commonly contain 
^nore than 35 per cent, of available chlorine, and the percentage sometimes 
falls considerably below that amount. 

The amount of nascent oxygen which bleaching-powder can yield, or its 
oiuivalent of available chlorine, may be estimated in several ways. Tlu:ee 
®ethod8 are described in paragraphs 30I, 3 ^ 5 « 35 ^’ 

l.ftl 
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301. Estimation of the Available Chlorine in Bleaching-powder 
by the Oxidation of an Alkaline Arsenite.— When solution of bleaching- 
powder is brought into contact with solution of an alkaline arsenite, the relative 
amounts of arsenious oxide and of the oxidising agent which act upon one 
another are shown by the following equation : 

AsjOj + Ca(OCl)2 = AS.O5 + CaClj. 

Here the semi-molecule of arsenious oxide (As 4 ()g) is oxidised by 0,, and this 
Oj is chemically equivalent to (^ 14 . Hence the amount of oxidation is a 
measure of the “ available chlorine.” The following process of estimaUnD 
depends upon this reaction. 

The Standard Solution of Arsenious Oxide.— The most convenient weight 
of arsenious oxide for this solution is the semi-molcculai weight (AsjOj) 
divided by 40. This givers a dccinormal solution, since As.^O,, eorresjxitid!? 
to Cl^ in the process of titration. 

198 

Accordingly - 4‘95 grama of pure resublimed arsenious oxide (IIO, 

Exp. 29) are weighed out accurately into a r)00 c.c. Mask, and about 25 grams 
of pure sodium carbonate crystals are added. The ilask is then half filled 
with water, and is heated on the water-bath until the arsenious oxide la 
dissolved. The solution is cooled under the water-tap, by placing a sinall 
inverted beaker over the neck of the Ilask and then allowing a gentle .st re 1111 
of cold water to run upon the beaker and thence over the surface of the 
flask. 

As soon as the liquid is cooled down to 15’6° C., it is transferred to a litre 
flask, and the solution is made up to a litre with water at 15*5®. After the 
contents of the flask have been well shaken, they are transferred to a clean 
dry bottle, which is at once labelled with the name aud strength of the solulimi 
and the date of its preparation. 

1 98 

Each o.c. of this solution will contain 77 ^ = 0*00495 gram of 

40 X 1000 ® 

arsenious oxide, and this corresponds to 0'00.‘1545 gn m of Cl. 

Preparation of the Bleachiruj -powder Liquid — Weigh out 10 grams of 
*■ the bleaching-powder on an open balance. Place the powder in a sniocth 
porcelain mortar, preferably one which is glazed inside, and add a few c.c. 
of water. Rub the mixture into a paste by means of the pestle, then add 
more water and continue the rubbing until a thin cream is formed. Allow 
the solid to subside and decant the supernatant liquid into a litre flask. 

Then triturate the residue repeatedly with fresh quantities of water, stirrini: 
up the liquid and pouring it off after each addition, until the whole of the 
solid has been transferred to the flask. Finally, till up the flask to the mad 
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witli wafcor, and mix its content h well By shaking. The liquid will always 
he milky, hccause bleaching- powder is not completely soluble in water. The 
Bolution must be at once quickly titrated, since it undergoes rapid change. 

lodidr.-.starrh-paper is then prepared as follows. Shake up one part of 
pure starch with about a hundred parts of distilled water, and heat the mixture 
to boiling. Then add about one part of pure poimsium iodide, and pour otf 
the clear liquid from any sediment which may l)e present. IVloisten stiips 
of unsized paper with this solution, dry I hem in the air, and keep the paper 
in a wcll-.stoppered bottle. 

The Process of J'tVrrth'ow.— Withdraw 26 c.c. of the fre.shly made and 
iccenlly mixed bleaching- powder .solution by means of a pipette, and allow 
it to How into a tlask. Rinse out a 50 c.c. burette witli a little of the .standard 
ai'senitc solution, and then fill it above (be zero mark with the same solution. 
Allow the liquid to How out until the meniscus stands at the zero graduation, 
making sure that the rubber joint, or the ta[), contains no air-bnbhlcs. 

Now allow the arsenite solution to flow gradually and with continuous 
stirring into the 2.T c.c. t)f bleaching- powder liquid. Uake out a small drop 
of the li(juid from time to time by means of a glass rod, and bring it into contact 
with a moi.stcitc(l strip of the iodid(‘-starcli-j)aper placed on a white tile. As 
.soon as no blue coloration is produced upon the paper, the titration is known 
to be fini.slicd, '1 he volume of liquid which ha.s llowed from the burette is 
then read off. 

Two titrations should be made, and they should not differ from one 
another by more than the. tenth of a c.c. 

From the volume of arsenite .solution, which has been required for the 
titration, the weight of available chlorine present ui the 10 grams of bleaching- 
[lowdcr may be calculated, and from this the percentage weight of available 
chlorine j)rescni in the blcaching-powdcr is deduced. 

The Following Example is a record of the rcMitfs which were obtained in 
an estimation, together with the oalcnlation of the percentage of available 
' lilorino ])rc8cnt in tho blcnching-jiow’dcr : 

10 gram? of blcaching-powdcr were treated with water and made up to a 
litre. 

25 c.c. of this liquid required 20‘7 o.c. of the ar.sciiite solution. 

Since 1 c.c. of the arsenite solution corrc.spond.s to 0 003545 gram of Cl. t e 
weight of Cl ill 26 c.c. of the bleaching-powder liquid is 20 7 x 0 003i>46 
— 0 07338 gram. 

Now the 26 o.c. of licpiid titrated corrosjiond to 0-25 gram of blonching-i>o\v er , 
therefore tho percentage w'cight of available chlorine in the bleac mg 
powder is 

0 07338 X 100 
■ 6-26 
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Two other Methods for cstimatinjj; the available chlorine in bleacliing- 
powder are given in paragraphs 315 and 35O 


USB OF POTASSIUM DICHROMATE SOLUTION. 

302. Acidified pota.<«ium dichroraate solution rearlily imparts a portion 
of its oxygen to various substances, and is itself reduced to a salt of chrominm 
which remains mixed with a salt of potassium. Advantage is taken f)f this 
property to estimate ferrous salts and othe; '>xidisable substances. 

303. Thus an acidified solution of ferrous salt is at once converted into 
ferric salt by the adflition of potassium diohromate solution. The reaction 
is thus represented : 

fiFeSO* -%K,Cr, 0 , t 8 HaS 04 - SFeafSOa), + 0,(804)3 + 2KHSO4 + 7 H,,(). 
From this equation it is seen that 294’5 parts of jM^tassium dichromatc can 
convert 6 x 55'9 = 33 ri t parts of iron from the ferrous into the ferric stata, 
if acid is present in sufficient amount. 

But since potassium dichromate is reddish yellow, and is converted hv 
deoxidation into a green chromium salt, the point at which a slight excess 
of dichromatc has been added to the ferrous salt cannot readily be seen. 

I'he precise point, at which the change of feraous into ferric salt in the 
above reaction is complete, is therefore ascertained by using freshly niiiHe 
potassium ferrioyanide solution as an indicator. Ferrous salts give, I'Ut 
ferric salts do not give a blue precipitate with this reagent. The dichromate 
8olutic)n is accordingly added to the acidified iron solution, until a drop of 
the liquid ceases to give a blue coloration when it is brought into contact 
with a drop of potassium ferrioyanide solution on a white tile. 

No/e.— The process of marking the complete oxidation of a ferrous salt solution 
is very much more simple when standard permanganate solution is used itistead 
of dichromate, since the coloration of the liquid itself becomes the iiidi( !itor 
(316 n/ xeq.). But the use of permanganate is inadmissible in the presence of 
readily oxidisable organic matter, and is only possible in the presence of hydiO' 
chloric acid under special conditions (399). 


PRBPARATION OF STANDARD DeOINORMAL DiOHROMATE SOLUTION. 
For the meaning of ** decinormal ” refer to NoU 

304. Preparation of the Dichromate Solution. Heat about 10 gram/ 
of pure reorystallised potassium diohromate just to fusion in a porcelain disllr 
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Allow the salt to cool, and Ihen powder it in a cloaii dry mortar. Weigh out 
= 4 903 grams of the powdered diohromate into a litre Hask. Dissolve 

60 

it in distilled water; then 611 up the fla.sk to the n.ark with water, and mix 
the liquid by shaking it well. Each c.o. of this solution corresponds approxi- 
65'9 

mately to = 0-00559 gram of iron. 

Tliis solution must only bo considered to be of tic true strength when it is 
freshly prepared. It will require to be standardised afresh after it has been 
kept for some time. 

When it is necessary to ascertain the strength of the dichrornate solution, 
a solution of ferrous sulphate of known strength is required. This is prepaied 
either from a weighed quantity of metallic iron, or from a known weight of 
ferrous ammonium sulphate. 

305. Titration of the Dichrornate Solution by means o^^ Metallic 
Iron. -A known weight of pure iron is dissolved in dilute sulphuric acid 
without contact with air in the following way ; 

Preparation of the Solution of Iron . — Weigh out aocnratcly about 1 gram 
of pianoforte wire, which is free from rust and ha.s been cut into pieces about 
2-6 cm. in length. 

Fit into a 300 c.c. round Hask a perforated cork, through which a bent glass 


Fio. 84, Fiu. 85. 



Solution of Iron, Air- valve. 


Vfii v-lube paesos (Fig. 84). One end of this tube terminates just below 
the Cork, while the other end dips beneath the surface of a little w ater contained 
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in a small Loakt'r. Suppott llu* llaNk in an itu'litu'd position t»y f‘Iampiii-4 it 
upon a retol't-stand. 

Now half fill the flask with dilute sulphuric acid, drop in a small piece of 
pure erystallised sodium earhonato, and replace the cork and tube. 'I’lio 
carbonate will dis-solve evohunp carbon dioxide, which will re])lac(‘ the sii 
in the flask. When the cfl‘crvesc(>nco has nearly ceased, add the weighed 
steel wire. Then lit in the cork and tube, and arrange the apparatus as i> 
shown in lfi;z. K4, pa;j;e 166, and apply a gentle heat by means of a small 
flajue until tiu' wire is di.ssolved as Icrrous sulphate, and no more liyflrogcn 
|•'l•a;)es t hrough the w’ater in the beaker. 

Till' exclusion of air during the {irocess of .solution is necessary, in order 
to prevent the formation of ferric salt : 

2KeS()4 r H.SO^ y O = FejfSO^la + HjO. 

Another device, which allows the hydrogen gas to e.scape from the lla.sk arid at 
the same time checks the oulrance of air, consists in closing the neck of the Hank 
by a perforated cork through which a short gla.ss tube pa.sscs (Fig. 85). The lower 
end of this tube tcrrniiiato.s just ladow tliccork, while the upper (uid is closed Iw 
a short piece of rubber tube which is slit iu the micldl ■ and i.s cl ed by a small 
glass rod. The vertical .slit is easily ojx-ned by the i>re.ssure of hydrogen gas from 
within, hut it closes by pressure from without, and therefore prevents the ingress 
of air. 

Wliile the proceas of solution is proceeding, prepare some cold water 
free from dissolved oxygen, by i>oiling distilled wat^r for a few minutes and 
then cooling it rapidly by immersing the flask in cold water. 

.As soon a.s the .solution of the iron wire i.s completed, cool the lupiid, 
transfer it rapidly to a 250 c.c. flask, and rinse <nit the round flask seveiul 
times into the mea.suring-flask with the above air-free water. Finally, make 
up the solution to the mark with the air-free water. 

306 . The Process of Titration . — Fill a 50 o.c. buiotto to the zero mark with 
the potassium dichromate solution. Measure out 25 c.c. of the iron solution 
into a .SOI) c.c. flask, dilute it with about twice ita volume of air-free water, and 
arid a few drops of strong sulphuric acid. Place a number of drops of very 
dilute urul freshly prej)ared potassium ferricyanide solution upon a while tile 
"by ,11 cans of a glass rod. Then allow the solution of dichromate to How in 
small succc.ssive quantities from the burette into the flask, ini.xing it well wilh 
the iron solution after each addition by stirring or shaking. 

Prom time to time take a drop of the iron solution out of the flask, by 
dipping into the liquid a thin clean glass md, and bring the drop into contact 
with one of the drops of potassium ferricyanide solution on the tile. The 
first few drops from the flask will cause a strong blue coloration with the ferri- 
cyani le, but as the addition of the diehromate proceeds, the colour produced 
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with the forrioyanide will become more faint. As .soon a.s the coloration 
becomes very faint the addition of the dichromate solution mirst be continued 
very cautiously, until a drop of the liquid containing: the iron just cca.ses to pro- 
duce a blue coloration with the ferricyanide. The volume of the dichromate 
solution, which has been allowc'd to How from the burette, is then read off. 

Two more similar titrations should then be made. In each of the.se, 
nearly the whole volume of dichromatc solution required should bo allowed 
to How into the flask at once from the buret te, the last half of a c.c. only being 
gradually added drop by drop. The re.sult8 of these titrations should not 
differ by more than the tenth of a o.o. 

Calculation of Results. —The weight of iron contained in the solution used 
in the above titration must bo multiplied by 0‘996, in order to correct it for 
impurities present in the steel wire originally employed ; and from the weight 
of pure iron thus found, the exact iron-value of the standard solution of 
dichromate may be calculated. 

The Following Example will serve to illu.strate the proces.? of calculation : 

I 152 grams of steel wire were dis.solvc(l in arid, as is described above, and the 
solution was made up to 250 c.c. 

25 o.c. of this solution required the addition of 21 •! c.c. of the dichromab' 
solution in order to ox;!ctly couvcri (ho ferrou.s into ferric .salt. 

Therefore 211 o.c. of the dieliroraate solution correspond to 1*162 grants of 
steel wire. 

. 1-152 X 100(» 

And 1000 c.e. of diebromate. solidion will therefore eorre8f)ond to yj I 

5-4.59S grams of sl('el. which contain 5-4.508 x 0-990 »= 5-4379 
grams of pure iron. 

i'lach 0.0. of the dichroiniite solution is therefore equivalent to 0-0054.18 gram 
of iron 

307 . Titration of the Standard Dichromate Solution by means of 
Ferrous Salt, — The iron solution may be prepared from ferrous ammonium 
Bulphate, Fe(NH 4 ) 5 (S()j 2 -bH 2 (), instead of from metallic iron, by dmolving 
7 grams of the salt in air-free water, to which a little H.^SOi has been added 
to prevent the formation of basic salt : this solution is made up to 250 c.c. 
and the liquid is well mixed by shaking the flask. 

The above weight of the salt will give a solution containing 4 grams of 
iron per litre, since the double salt contains one-seventh its weight of iron. 

The process of titration is performed in exactly the same way as has been 
ttheady described (3C)6)» & drops of strong sulphuric acid being added to 
Hk! iron solution before the dichromale solution is allowed to flow in. 
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Estimation of Ikon in Ferrous and Ferric Compounds by 
MEANS OF Standard Diohromate Solution. 

308. The estimation of the total amount of iron present in an iron com- 
pound may be effected by means of the standard potassium diohromate 
solution. 

If ferrous compounds only are present, the solution may be titrated at 
onoe {309) by the process described in paragraph 306. 

If tlie iron is present in the ferric state only, it is first reduced to the 
ferrous state {3II, 312, 313), and the ferrous salt is then titrated (306). 

If the iron is present both as ferrous and ferric compounds, the amount 
of ferrous iron is first estimated by the dichromate solution in one portion of 
the solution ; and the whole of the iron is then reduced in another portion of the 
solution, and estimated. The difference between the two quantities of iron 
found will give the amount of iron which was originally present as ferric iron. 

309. Estimation of Iron in Ferrous Compounds.— For practice in the 
estimation, dissolve 6 grams of ferrous sulphate (FeSOi.THjO) in air-free 
water, add a little sulphuric acid, and make up the solution to 250 o.c, with 
air-free water. Measure out 26 0.0. of this solution, and titrate it as is des- 
cribed in paragraph 306- From the weight of iron found the percentage 
weight of iron in the salt can then be calculated. 

310. Estimation of Iron in Ferric Compounds. -Three methods are 
descrilied below for the reduction of the iron to the ferrous condition before 
it is titrated by the dioliromate solution. 

For practice in the estimation, dissolve 10 grams of iron alum, 
FeK(^4)i.l2H|0, in water, add a little dilute HjSOi, and make up the s(j1ii- 
tion to 260 c.c. Reduce the ferric salt in the solution to ferrous salt (31 1 313). 
and- titrate the iron by the diohromate solution (306). 

311. Process of Reduction by means of Zinc.— 100 0.0. of the iron 
solution are placed in a flask fitted as is shown in Fig. 84 or 86 (p. 166). 'I'ho 
liquid must, if necessary, be first evaporated until it does not more than half 
fill the flask. Strong hydrochloric acid is then added, and granulated /due 
fi^ from iron is dropped into the flask. The zinc will dissolve in the acid 
with evolution of hydrogen, and a portion of the nascent hydrogen will act 
upon the ferric chloride, and will reduce it to ferrous chloride. At the same 
time the colour of the solution will change from yellow to pale green. After 
a time it will be necessary to heat the liquid gently in order to promote the 
action. 'JI10 heating should be continued until all the zinc is diss dved. 

Before proceeding to estimate the iron, ascertain that it is present entirely 
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in the ferrous state, by taking out a drop of the solution with a clean glass 
rod, and bringing it into contact with a drop of potassium suli^hocyanide 
solution on a white tile or dish. No red colour should appear, or at most 
only a very faint pink tint. If a distinct red colour is produced, more zinc 
and hydrochloric acid must bo added, and the process must be continued in 
the reduction apparatus until all the zinc is dissolved. The solution is then 
again tested with the sulphocyanide, and these operations are repeated unt il 
iio ferric salt can be detected. 

When the whole of the iron is proved to be present in the solution in 
the ferrous state, the liquid is quickly cooled and is made up at once to 
260 0 . 0 . with air-free water. The titration of 60 c.o. of this solution is 
then immediately proceeded with in the acidified liquid, according to the 
directions given in paragraph 306 , and is completed with as little delay as 
possible. 

312. Process of Eeduction by means of Stannous Chloride Solu- 
tion. — The iron in the acidified iron solution is reduced to the ferrous stale 
by the addition of stannous chloride solution, which must be added in slight 
excess (Note), The excess of the stannous salt is then converted into 
stannic salt by adding excess of mercuric chloride solution : 

SnCl| 4 * 2HgCl| *= SnCli -f Hg|Cl|. 

25 c.c. of the iron solution are placed in a 120c.c. fiask, 2 c.o. of strong hydro- 
ohiuiic acid arc then added, and the liquid is heated to boiling. Clear, freshly 
made solution of stannous chloride in twenty-five times its weight of water is 
next added from a pipette. The stannous solution is added drop by drop, 
until the yellow colour of the iron solution just disappears. About 3 o.c. of 
a saturated solution of mercuric chloride are then added. Ibis must produce 
turbidity in the liquid, indicating that the stannous chloride solution has 
been added in excess. The solution is then cooled to about 60“ C., and js 
titrated with the potassium dichronikte solution ( 306 )- 

Note . — Care must be taken that a large excess of SnCl^ solution Is not added, 
rise a very large quantity of HgCl^j solution will be required, nud the precipitate 
will interfere with the titration. 

This method of reduction is not suitable for iron solutions which are coloured 
brown with organic matter. 

313. Process of Reduction, by means of Ammonium Bisulphite 
Solution, — Prepare some ammonium bisulphite solution by passing SO| 
i?as into st rong ammonia solution. Continue to pass the gas until the crystals, 
'^hich may form at first, are redissolved, and the liquid smells strongly of SO,. 
Hio gas may be conveniently supplied from a bottle of the liquid SO, (lOIJ)* 

Pour 100 0 . 0 . of the ferric solution into a small flask covered with a funnel 
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(Fig. p. 36 ) and ad(i ammonium hydrate gradually until a alight permanent 
precipitate is formed. Then add 6 o.c. of the bisulphite solution for each gram of 
substance taken. Place some pieces of platinum wire in the flask to prevent 
bumping, sluike the liquid vigorously, and heat gently. Gradually increase 
the heating until the solution boils. If any precipitate forms at first, it will 
rediasolve, and the liquid will gradually lose its yellow colour. 

Aa soon aa the liquid is colourless, add some strong HjSOi diluted with 
four times its volume of water, in the proportion of 30 c.o. to each 5 c.c. of 
the bisulphite solution which w'os previously added. Test the solution with 
KCNS solution to ascertain whether the reduction of the iron is complete, 115 
was directed in paragra[)h 311. When no ferric salt is present, boil the liquid 
until all the SO^ is driven off, make it up to 250 o.c. with air-free water, and 
titrate the ferrous salt (306) in 50 0.0. of this solution. 


Estimation of Iron in an Iron Orb. 

3 I 4 ' the iron oxisbs in the ore partly or wholly in the ferric state, the 
ore is rlissolved in acid, tiie iron is reduced to the ferrous state by one of the 
methods described above (3II titrated by the potassium 

dichromate solution. 

Process of Solution of the Iron.— Weigh out accurately about 1-5 grams 
of the powdered iron ore (55, 56). Heat this in a covered beaker (65) over 
a small flame for about half an hour with hydrochloric acid which has btvn 
diluted with its own volume of water, and mixed with some SnGlj-Hcdiitioii, 
if redueti(m by paragraph 312 is to be subseqmmlly used, as this facilitates 
the solution of the iron. Dilute this solution slightly with water, allow the 
undissolved matter to subside, and decant the li(piid through a filter. 3'heii 
treat the residin* again with a small quantity of the dilute acid, and di'cant 
the liquid through the same filUu-. 

ITiis procedure will usually have extracted all the iron from the ore. But 
if the further treatment of the residue with a small additional quantity of 
acid furnishes a filtrate in which iron can be detected when a drop is added lo 
KCNS solution, the ore must be treated again with acid, and this treatrnoni 
must be repeated untfl no more iron is found in the lost extract. 

Iho residue is now transferred to the filter, and is washed with os simdl 
a quantity of water as possible, and the filtrates and washing- water are 
mixed together and made up to 250 c.c. 

The ferric salt present in this solution is then reduced to the ferrous condi- 
tion by one of the methods described above {31I -313), and the ferrous iron 
is titrated (306). 
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Tf both ferrous iron and ferric iroti are present, and each of tliese is to bo oati- 
mated, the ore must be treated with acid out of contact with the air as is described 
in [Jiiragraph 305 . A portion of the acid solution is- used for the estimation of 
the ferrous iron. The ferric iron in the remainder of the sobition is then redueed 
to the ferrous state and the total iron is determined in the ferrous state by the 
dichroinate solution. The difference between the quantities of iron found by 
the two titrations gives the amount of ferric iron which was originally present 
in tlic ore. 

The titration may he much more rapidly eflected if standard permanganate 
solution is used in place of dichromate (316 e< seq.). 


Valuation of Bleachino-powder by the Oxidation of A 
Ferrous Compound. 

When a st)lution of bleaching- powder is brought int-o contact 
with an acidified ferrous solution, the ferrous compound is converted into a 
ferric compound by the Ca(0Cl)2 of the bloaching-powder solution according 
to tlio following equation ; 

Ca(OCl), f 4FeS04 + 2H,S()4 = 2Fo2(.S(),)a + 2 H ,0 + Ca(%. 

Hero l’FcSO* is converted into Fe-^iSOi)., by 0, and this 0 is chemically equiva- 
lent to (II2 ; each atotu of Fc whicli is changed from the ferrous to ferric state, 
therchjro, corresponds to one atom of “ available chlorine ” (3OO). 

In practice it is found most convenient to add the bleaching-powder solu- 
tion to an excess of an acidified solution of a ferrous salt., and. then to estimate 
the amount of unoliatiged ferrous salt by means of dichromate solution (306). 

The Standard Solution of Ferrous Salt.— A .solution containing 4 
grams of iron per litre will be found suitable. The solution is prepared by 
dissolving iron wire in dilute sulphuric acid, as is described in paiagraph 305* 
or more readily by dissolving the proper quantity of ferrous ammonium 
sulphate in water os is described in paragraph 307. 

Preparation of the Bleaching-powder Liquid. -The solution is 
i'l'oparod from 10 grams of the bleaching-powder and is made up to a litre, 
according to the directions given in paragraph 3OI. 

The Process of Titration.-Mcosure out 50 0.0. of the iron solution into 
a hcaker, and, if it is not already acid, acidify it by adding 1 c.c. of strong 
>*iilphuric acid. Add to this solution 25 c.o. of the bleaching-powder liquid, 
finx the liquids well by stirring, and ascertain the weight of ferrous iron 
femaining in the solution by means of standard potassium dichromato sohi 
(306). The difference between this weight and the weight of Fe in the 



172 VOLUiMETlUG ANALYSIS. [316, 


50 c.c. originally taken will give the weight of ferrous iron which has been 
converted into ferric iron by the 25 c.c. bleaching-powder solution. 

From this weight the weight of available chlorine present in the 10 grams 
of bleaching-powder may be calculated, and from this the percentage weight 
of available chlorine present in the bleaching-powder may be deduced. 

The Following Example is a record of the results which were obtained in an 
estimation, together with the calculation of the percentage of available chlorine 
present in the bleaching-powder : • 


10 grams of bleaching-powder wore treated with water and the liquid was 
made up to 1 litre. 

26 c.c. of this liquid converted 01 208 gram of ferrous iron into the ferric .state. 
According to the equation and statement on page 17 1 this indicates the presence 
0 1208 X 35 46 

of gT — 0 0766 gram of Cl in the 26 o.o. of bleaching- 


powder liquid. 

Now the 26 c.c. of the bleaching-liquid oort|(||Dnd to 0-25 gram of bleaching 
powder ; therefore the percentage weight of available chlorine 


0 0706 X 100 
0 - 26 ' " 


30-6. 


Other Methods for estimating the available chlorine in bleaching-powder 
are given in paragraphs 30 I and 350 . 


USE OF POTASSIUM PERMANGANATE SOLUTION. 

316 . Introductoi’y Remarks. Pota.ssium permanganate solution readily 
yields a portion of its oxygen under suitable conditions to certain readily 
oxidisable substances, and may therefore be used instead of potassium dichro- 
mate solution for many volumetric estimations. It presents the advantage 
over dichromate that its strong colour practically disappears when it is 
deoxidised ; an indicator is therefore unnecessary, since the presence of the 
slightest excess of permanganate is indicated by its colour. 

Potassium permanganate, however, cannot be used for the estimation uf 
ferrous salts or of similar substances in the presence of easily oxidisable 
organic matter. 

V 'Hie presence of hydrochloric acid also intorferos seriously, under ordinary 
conditions, with the accuracy of the estimation of the iron, owing to the 
liberation of chlorine from the acid by the oxidising action of permanganate : 
a special procedure for titrating iron in hydrochloric acid solution is described 
in paragraph 399 . 

A liquid which is to be titrated with permanganate should be acidified 
with dilute sulphuric acid, if it is not already acid. Nitric acid must not be 
present in any quantity. 
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Solution of potassium pernuuiganatti becomes gradually weaker by 
the decomposition of the salt if it is exposed to light, and the solution 
must therefore be kept in a dark blue Winchester quart-bottle and stored in 
a cool and dark place. Owing to this liability to change, the permanganate 
solution should be standardised not only iramediat«dy after its preparation, 
but also at frequent intervals when it is stored. 

Some estimations which can be tnade by means of permanganate solution 
are described in paragra[)hs $21 33O. 


Preparation, Standardisation, and use of Potassium 
Permanganate Solution. 

317. Crush about 5 graiM of crystallised potaasiiini permanganate in a 
glazed mortar in the presenc^ a small quantity of water, pour olf the solu- 
tion into a litre Haak, and repeat the process until all the salt is in solution : 
then make the volume up to a litre. 

The solution is usually standardised by a cold solution of ferrous salt 
containing some free sulphuric acid (318), but it may also be standardised 
by a warm solution of oxalic acid (320)* 

318 . Titration of the Permanganate Solution by means of Ferrous 
Salt.— The following reaction takes place when a cold acidified solution of 
ferrous salt is used in the titration : 

2KMn04 •<- l0FeSO4+9HaSO4-6Pe,(SO4), -p 2MnS0* +2KH8O4 + 8H,0. 

The ferrous sulphate solution should be made immediately before it is 
required for the titration (305, 307). The further procedure is similar to that 
already described under the standardisation of potassium dichromatc (306) ; 
the use of an indicator, however, is unnecessary, since the end of the reaction 
is easily seen by the appearance of a pink tint in the liquid, as soon as the 
permanganate is present in excess. 

319. Pour some of the permanganate solution into a burette with a glass 
stop-oook (Fig. 79 , page 141 ), filling the burette to the zero mark. A rubber 
joint must not be used in the burette, as it would reduce the permanganate. 
Allow the permanganate solution to flow into the cold ferrous solution, which 
has been acidified with a few drops of strong sulphuric acid, and has been 
diluted with freshly boiled and cooled distilled water. 

Continue the addition of the permanganate solution until a faint perma- 
nent pink colour remains after the liquids have been well mixed. This colour 
is readily seen when the beaker containing the iron solution is place p 
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picco of white paper, or upon a white tiie, or if the titration is pcrfoi iued in 
ft porcelain dish. 

Two titrations should be made, and they must not dilTcr from one another 
by more than one- tenth of a c.c. 

The strength of the solution may be calculated by reference to the above 
equation ( 318 ). It is usually stated in terms of metallic iron, as has been 
described in the standardisation of potassium dichromate solution ( 306 ). 

The strength of the solution may also be stated in terms of avaiiMl)lo 
oxygon. The oxygen-value of the permanganate solution may be calculated 
directly from the iron- value, since every 1 H ‘7 parts of iron oxidised correspond 
to 16 parts of oxygen (2FeO -f 0 = FejOg).. See Note, paragraph 27 1. 

320. Titration of Potassium Permanganate Solution by means of 
Oxalic Acid. — When potas.siuin permanganate solution is added to a warm 
solution of oxalic acid which has been acidified wdth 8 ulj)huric acid, the 
following reaction takes place ; 

2KMn0^i^6E^G,0,:2H^() -himSO, - lOCO, + + 2MnS()^ f IHILO. 

It will be seen, on comparing this equation with that given for fenons 
salt ( 318 ), that 12602 parts of crystallised oxalic acid are equivalent to 111 '/ 
parts of iron, and require 10 parts of oxygen for their complete oxidation. 
This relation is .shown more simply by the following tnpiatiun : 

HjC3()4.2HaO -f- 0 = 2CO, + .3HaO. 

A De/'Anorrml Solution of pure recrystalli.sed oxalic acid is required for the 
titration. ITiis is prepared by dissolving 6*301 grams of the pure crystals 
in water, and making the solution up to a litre. 

Fifty c.c. of this solution are measured out into a beaker by means of » 
pipette, a little sulphuric acid is added, and the liquid is considerably diluted 
with water. The diluted solution is then heated to 60® C., and the solution 
of potassium permanganate, containing about 5 grams per litre, is gradually 
arlded, until a faint permanent pink tint remains in the liquid after it has bern 
stirred. If the permanganate is added too rapidly, a brown precif)itato forms, 
which is removed with difficulty by adding more sulphuric acid. 

^ The strength of the permanganate solution is readily calculated from the 
proportions yielded by the above equation. 
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Estimation of Iron in Ferrous and Ferric Compounds 

BY MEANS OF STANDARD PERMANGANATE. 

321. The iron present in a substance in the ferrous or the ferric condition, 
or partly in both conditions, may be estimated by titration with sUmdard 
permanganate solution (319)* instead of by diohromate, if oxidisablc organic 
matter and hydrochloric acid are not present. The weight of Fe is calculated 
from the result of the titration, by means of the equation (318). 

322. Estimation of Iron in Ferrous compounds. Caro must be taken 
that the ferrous salt is not exposed to oxidation and conversion into ferric 
salt during the process of sohition. This will be prevented by adopting the 
method of solution which is described in paragraph 305. The titration is 
carried out as is directed in paragraph 319. 

Substances from which the iron cannot be extracted by treatment with 
sulphuric acid are fused with KHSO 4 in a Rose crucible (92) ; the cold mass 
is then dissolved in water and the solution is titrated with the permanganate. 

If hydrochloric acid has been used in preparing the scMutioti to be titrated, 
the special procedure described in paragraph 399 must be adopted. 

323. Estimation of the Total Iron in Ferric compounds, and in a 
mixture of Ferrous and Ferric compounds. 

The ferric compound present in the solution is reduced to the ferrous .state 
(31 T 313), and the iron is then titrated with permanganate (319)’ » 

If the solution of the original substance contains ferrous as well as ferric 
compounds, the iron in the ferrous compounds may bo first estimated by 
titration in a part of the original solution (322). The ttdal amount of iron 
is then estimated in another part of the original solution by rediu Uon hdlowoc) 
by titration : the reduction must be effected by zinc and sulphuric acid 
instead of hydrochloric acid (3II), or by ammonium sulphite (313), since 
hydrochloric acid and stannous chloride are inadmissible except under the 
special CQnditions described in paragraph 399 * 

The weight of iron in the ferric compounds, which wore originally present 
in the substance, is equal to the difference between the total percentage of 
iron and the percentage of iron which was originally present in the ferrous 
state. 


Estimation of Oxalate in Solution by means of 
Standard Permanganate. 

325. An oxalate which is soluble in water is readily estimated by means 
standard permanganate solution. About 6 grams of the oxalate are 
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accurately weighed and dissolved in water, and the solution is made up k 
250 c.c. A suitable quantity of this solution is acidified with sulphuric acid 
and is titrated as has been described in paragraph 32O. 

The weight of CjOi present may bo calculated from the equation given id 
paragraph 32O. 


Estimation of Calcium in Solution by means of 
Standard Permanganate. 

326. The calcium is precipitated by adding a known volume in excess 
of standard oxalic acid solution. Either the excess of oxalic acid is then 
determined by titration with standard potassium permanganate solution 
(327)1 or the oxalic radicle present in the calcium oxalate precipitate is 
estimated (328)- The second method should be employed if the quantity 
of calcium present is considerable and if great accuracy is required, since it 
obviates the error arising from the volume of the calcium oxalate precipitate. 

The Process. — Add to the solution of the calcium compound, oontaincH 
in a riask, a measured volume of normal oxalic acid solution, in quantity more 
than sufficient to precipitate ail the calcium as oxalate. Add ammonium 
hydrate solution in excess, then boil the liquid and allow it to cool, and proceed 
xs is directed in paragraph 327 <>** 328- 

327. Titration of the Excess of Oxalic Acid added.— Transfer the 
liquid containing the precipitate of calcium oxalate to a suitable measuring- 
flask, make up to the mark with water, and mix the contents of the flask 
thoroughly. Pour off part of this turbid liquid through a dry filter into a 
flask of half the capacity, filling the flask to the graduation mark. 

Measure out an aliquot part of the filtrate— say one-half. Acidify this 
with sulphuric acid, heat the liquid to 60® C., and determine the oxalic acid 
in it by means of potassium permanganate solution (32O). 

Calculate from this result the weight of oxalic acid which is present in the 
whole of the filtrate, and subtract this weight from that of the oxalic acid 
which was originally added for the precipitation of the calcium. The re- 
'' mainder will be the weight of oxalic acid which is chemically equivalent to 
the calcium which was originally present, a^d from this the weight of Ca 
may be calculated on the assumption that 126*02 grams of crystallised oxalic 
acid correspond to 40 giams of calcium. 

328. .Titration of the Oxallo Aold which has been Precipitated by the Calcium. 
—If the calcium oxalate precipitate is large in amount, it is filtered off 
and is well washed on the filter. It is then dissolved in the smallest posdble' 
quantity of warm hydrochloric acid, and the solution is diluted with water. Thu 
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liquid is mixed with a little sulphuric acid and heated to 60“’ C ; it is then at once 
titrated by the potassium permanganate solution. The quantity of oxalic acid 
thus found is chemically equivalent to the weight of calcium which was originally 
present, 126 02 parts of oxalic acid (H^Cj0^.2irj0) corresponding to 40 parts of 
calcium. 


Estimation of Lbad in Solution by means of Standabd Pbrmanoanats. 

329, Lead may be estimated in a solution, rendered just acid by acetic acid, by 
methods described in paragraphs 326, 327. If the second method of titration 
(328) is employed for this estimation, the lead oxalate precipitate must be dissolved 
in dilute nitric acid ; sulphuric acid is then added, and the oxalic .acid is titrated 
by permanganate. 126'02 parts of oxalic acid (HjCj,0^.2Hjj0) correspond to 207 1 
parts of lead. 


Estimation op Hydeoqkn Peroxide by means of Potassium 

PRRMANOANATE SOLUTION. 

330. Commercial hydrogen peroxide is sold of three strengths, and should con. 
tain 5, 10 or 20 times its own volume of “ available ” oxygen. The so-called 
“ ten volume ” solution should yield by decomposition ten times its own volume 
of oxygen, and this corresponds to 3 04 per cent, of and to 1'43 per cent, 
by weight of “ available ’’ oxygen. 

In estimating the HjO, by means of potassium permanganate, it is essential 
that free sulphuric acid should be present, that reducing substances should bo 
absent, and that the solution should be dilute. Under these conditions the 
reaction which takes place is as follows : 

2KMnO^ + 6H,0, + 4H,SO, - 60, r 8H,0 + 2KHSO^ + 2MnSO,. 

Process of Estimation. — Add 6 0.0. of dilute sulphuric acid to about 500 c.c. 
of water in a porcelain di.sh, and allow decinormal permanganate .solution to flow 
into the liquid until it retains a faint permanent pink colour ; then add 5 c.c. of 
the hydrogen peroxide solution, and continue the addition of the permanganate 
until the faint pink colour again becomes permanent. 

If the first drop of permanganate produces a permanent coloration, add a little 
JBore sulphuric acid ; if the colour still persists for a few minutes, no hydrogen 
peroxide is present in the solution. 

The proportion of hydrogen peroxide found in the solution can bo expre.ssed 
either as percentage of peroxide by weight, or as percentage of available 
f'xygen by volume. As has been mentioned above, a hydrogen peroxide solution 
coiU.aining 3 per cent, by weight of H,0., corresponds to a solution liberating 
10 times its volume of available oxygon: and such a solution, 100 volumes 0 
"I'ich can evolve 1000 volumes oxygen at 0® and 760 mm., is termed a solution 0 
1 0- volume strength, or simply • 10-volume solution. 


If 
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USE OF STANDARD IODINE SOLUTION. 

Iodine dissolved in potassium iodide solution may be used for many 
different volumetric determinations (Note). The chemical reaction on which 
the estimations are based is usually that of oxidation, as is the case in ths 
estimation of arscnious oxide : As^Oo + 41120 + 412 2 As A >5 + SHI. 

If the iodine solution is used in conjunction with sodium thiosuli)li;itc 
solution, the number of estimations to which it is applicable is increased. In 
these cases the iodine solution is usually added in excess, and the excess of 
iodine is then estimated by means of the sodium thiosul|)hate solution. The 
following equation represents the reaction which takes ])lace between I lie 
iodine and the thiosulphate : 

.2Xa2S203 + I2 = 2XaI + Xa^S^O^. 

As the sodium thiosulphate solution is gradually added to the iodine solii- 
tion, the brown co our of the iodine solution will change to yellow, and tinallv 
the liquid will become colourle.ss ; but the exact |>oint at which the yellow 
colour of the solut ion disappears is difficult to judge with precision. 

If, however, a few drops of starch solution arc adiha] to the pale yellow 
liquid, an intense blue colour w'ill l)e producetl, and this colour will entirely' 
disappear when sufficient thiosuljffialo solution is added. In this case the 
completion of the titration is very .sharply defined by the precise disa])pearaii( 
of the blue colour. 

Occasionally the process of titration is reversed, tbe iodine solution bem- 
added to the liquid containing excess of the tliiosulj)hafe. The roinple(i(»n 
of the reaction will then bo shown by the appearance of a faint Imt permaneiit 
blue colour in the liquid containing starch solution. 

Note. — The changeable iodine solution may be replaced by the permanent 
solution of KH(IOj)j and KI, iodine being set free in this .solution inimcdinlt ly 
before it is used by adding an exce.ss of IIC'I : 

KHflOj), + lOKI + IlHCl « 61^ + llKCl + 6H,0. 

I his iodate solution must be jirepared of such strength as to furnish tlm 
standard iodine solution (331) when it is mixed with excess of HCL 


Preparation and Standardisation of the Requisite 
Standard Solutions. 

The following solutions are required for the processe.s of estimation which 
involve the use of standard iodine and standard sodium thiosulphate solu- 
tions : A docinormal solution of iodine ; a decimolecular solution of sodium 
thiosulphate ; and a dilute solution of starch. 
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331. Preparation of the Decinormal Solution of Iodine, containing 
126-92 

___ 12*692 grams of pure iodine per litre {Note, page 178). 

Weigh out accurately {Note) into a litre flask from a stoppered bottle 
12-61>2 grams of pure iodine (IIO, Exj). 28), taking care to remove the 
bottle from the balance-case before taking out the stopper. Then add about 
30 grams of pure potassium iodide and about 2.70 c.o, of water. Shako tlie 
contents of the flask until complete .solution lias taken place, adding more 
of the iodide, if necessary, to complete the solution of the iodine. Then fill 
the flask up to the mark with distilled water. The solution is very slightly 
below if s full iodine value, owing to the pre.sence of impurity in the potassium 
iodide wliieh fixes some iodine. 


The solution must be kept in a well-stoppered bottle, and in a cool place. 


Note . — Since iodine is volatile, it is diflioiilt to weigh out exactly the 
quantity which is required for making a litre of the st.andard solution. Ilenco 
about 13 grains may bo accurately weiglied out f'y dilTerence. This is dissolved 
in the manner already described, and is made up to (be volume uliieh is necessary 
to funiisb a solution of decinormal strengtb. T’hus, if I2v> grams were weighed 


1000 X I2 r) 

out, the volume of the iodine solution must be - — : — ~ b.S.’i ( 

12 ( i :>2 


332. Preparation of the Decimolecular Solution of Sodium Thio- 

21S-23 

sulphate, confaining — 24*823 grams per litre of 'NaMS 203 ., 7 H 20 . 

Weigh out accurately 24’823 grams of the juirc recrystalliscd salt, which 
has been powdered and ihen dried by pressure between filter-paper. Dissolve 
tliis in water, and dilute the solution to a litre in the measuring-flask or 
cylinder. 

The solution undergoes chemical change by the action of light, henc ' it 
should be kejit in a dark blue Winchester quart-bottle, in a cool loscd cup- 
board the interior of which is painted dead-black. Even when these precau- 
tions against exposure to light are taken, (he solufion will require frequent 
titration (335) ' its permanency is much exlendcd if 2 grams of potassium 
bicarbonate arc dded to each litre of the solution. 

333 * Preparation of the Starch Solution. -Make about 1 gram of 
starch, free from acid, into a thin oream with . small quantity of cold water. 
Pour this into about 100 c.c. of water which is boiling in a porcelain dish, and 
Continue the boiling for a few minutes. Al'ow the liquid to stand until it is 
Cold, and pour off the clear solution. It is necessary to prepare this starch 
solution iminediately before it is used, since, after the solution has been kept 
for some time, it does not give an intense colour with iodine 
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33 L Proce 33 of Standardising the Iodine and Thiosulphate Solu- 
tions. —If the thiosulphate solution alone is to be standardised, the process 
Mhich is described in {)aragraph 335 may be employed. Usually it is only 
necessary to determine the value of the thiosulphate solution in relation 
to the standard iodine solution. This is effected in the following manner ! 

Measure 20 c.c. of the iodine solution into a beaker, and dilute it with 
water. Then add the thiosulphate solution gradually from a burette, until 
the colour of the liquid fades tn a pale yellow tint. Now add a few drops of 
the starch solution, and continue the titration until the blue colour thus 
produced just disappears. 

The iodine solution should require the addition of 20 c.c. of thiosulphate 
solution. If more or less than this volume is required, the factor which is 
necessary to correct the volume should be noted on the label of the thio- 
sulphate solution, the iodine solution being taken as the standard. 


Thus, if 20 2 c.c. of the thiosulphate solution are required for 20 o.c. of the 

20 

iodine solution, each 0 . 0 . of the thiosulphate solution will he equivalent to - — 


0 99 c.c. of the iodine solution. Hence the number of c.c. of thio.sulphnte solution 
which have been used in any estimation will require to be multiplied by 0 - 99 , in 
order to ascertain the corresponding volume of the iodine solution. The number 
0 99 is termed the factor of the thiosulphate solution, and is entered as such upon 
the label of the bottle. 


335 . THe Thioaulphate Solution may be Standardised by adding it to tlie 
standard solution of potassium dichromate ( 304 ) or of potassium permanganate 
( 317 ). which has been mixed with excess of KI solution and ha.s then been acidified 
with HjSO^. The following are the reactions upon which the titration depends : 

K,Cr,0, + CKI -f- 7H,SO, - 31, + 4K,SO, -f Cr,(SOj 3 -f 7H,0. 

2KMnO^ + lOKI + 8 H,SO, - 61, + 8H,0 -f 2MnSO^ + 6 K,SO^. 

It will be seen that the iodine which is liberated is proportional to the wciglit 
of K,Cr,0, or of KMnO^ which is present. 


Estimation of Antimony in Tartar-bmbtio by means of 
Standard Iodine Solution. 

336 . Wlien iodine is added to an alkaline solution containing iShgO^, the 
following reaction takes place: — Sb^Oa-f 21 2 + 2 H 20 = RhjOj 4111. 

Since free hydriodic acid is formed in this reaction, sufficient alkali must 
1 x 5 present to neutralise this acid. A normal alkaline carbonate affects 
ir)dino, hence a bicarbonate must be employed for the neutralisation. 

Ndr.—U the bicarbonate solution shows an alkaline reaction with phonol- 
phthalein,a little HjSOi must bo added to it until the pink colour just disappears. 
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For every decigram of Hb.Og present in the li(iuicl, about 2,7 c.c, of a 
saturated solution of NaHCOa in cold water should b(^ added. 

Weigh out accurately about 1*5 grams of anhydrous tartar-emetic, 
KSbOCiniOg ( 109 , 27), dissolve it in water, and dilute the solution to 

250 c.c. Transfer 25 c.c. of this solution to a beaker, and add an equal volume 
of a cold saturated solution of NaHCOj free from NajCOj. Now pour in a 
few drops of starch solution { 333 ), and add the iodine solution ( 331 ) from a 
burette provided with a glass stop cock until a faint blue colour just appears. 
The blue colour will disappear when the liquid is stirred, and more iodine 
solution must be added until the final permanence of the faint blue tint 
indicates the completion of the reaction. 

The amount of Sb 203 present can bo calculated from the above equation, 
when the amount of iodine which is required for its oxidation is known. 

The above method Is also applicable to the estimation of antimonious oxide, 
The oxide is first dissolved in tartaric acid and water. The tartaric acid is then 
exactly ncutrali,scd by moans of NaOll solution, the requisite quantity of NaHCO, 
is added, and the titration is performed as is described above. 


Kstlmation of Arsenic in Arsen/ow’ and Arsen/c Oxides, and 
IN their Compounds, by means of Iodine. 

337 * 'Vhen iodine solution is added to an alkaline solution of 
following reaction takes place : 

AsjO, + 2Ig + 2HaO - As.O# + 4HI. * 

Before the process of e.stimation, which is ha,sed on thi.s reaction, can be applied 
to the higher oxide As^O,, that oxide must be reduced to As^j by passing vSO^ 
gas into the solution to .saturation. The exce.ss of ga.s is then driven oil by 
boiling the liquid, and the solution of As^Oj is titrated as is descriitod below. 

If both oxides of arsenic are present, the As^O^ alone is first estimated in part 
of tile solution. A fresh portion of the original solution is then reduced by sul- 
phurous acid as is described above, and the As^Oj is again titrated : the total 
amount of As present in the original solution is thus estimated as As^^Oj. From 
those two determinations the amounts of As^Oj and of As^^Oj which were originally 
present may bo calculated. 

For practice in the estimation, weigh out accurately about T5 grams of 
commercial sodium arsenate, and dissolve it in about 150 0 . 0 . of water. Add 
S' little acetic acid and sodium acetate to the solution, and boil for ten minutes 
in order to remove any nitrite which may bo pi*esent : then cool the solution 
and dilute it to 250 0 . 0 . 

Fho amount of arsenious oxide in 25 c.c. of this solution is determined 
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by mixing it M’ith saturated NaHrO., solid i{>n in modiMaU' exeess 33 ^) 

as sliown by methyl-orange, th<‘n adding stareh solution (333)’ titrating 
with standard iodine solution (331), which is added until a taint permanent 
blue coloration remains. 

The arsentc oxide in 100 c.c. of the original solution is then reduced hy 
treatment with excess of gas, and the excess is removed by boiling. Tlio 
solution is then cooled and made up to 200 c.c. The amount of AsoO;, in 
60 c.c. of this solution, which is equivalent to 26 c.c. of the original solution, 
is found by adding NaHCOj in moderate excess, as indicated by methyl 
orange, and titrating with the iodine solution. 

The difference between the two titrations gives the amount of AsJ)3 
wliich was originally present as AsjOs- 

'I'hc oxides of arsenic may be estimated hy this method. 'J’hey are liist dissoK 1 I 
in HCl. This solution is exactly neutralised by NaOIl solution, then mixed with 
NallCO^ solution, and is then titrated with the iodine solution. 


Estimation of Stannous Chi-oride by ^teans of Iodine. 

338. When iodine soiiuion is brought into contact with stannous chloiide 
solution, one molecule of iodine (E) converts one molecule of stannous chlorido 
(SnClj) into stannic compound. 

A proce3.s for estimating stannous salt by means of iodine is founded on 
this reaction. 

Dissolve about 1 gram of the tin salt, or 0*5 gram of metallic tin, in hydre 
chloric acid. 

The air should be displaced from the v<‘s.sel by a current of carbon dioxide eas, 
so as to j)rcveiit oxidation and formation of .stannic .salt fiom oecui ring during the 
process of Bolulion. The solution of metallic tin may be hastened by the addition 
of pieces of platinum foil. 

To this solution add Rochelle salt solution, and then sodium bicarbonate 
solution in ckcchs {Note, 336), adding more Rochelle salt sidution, if lu ccs* 
• sary, in order to render the solution eli-ar. 

Dilute the solution with water to a volume of 250 c.c., and titrate an 
aliquot part of the liquid with decinormal iodine solution ( 33 I), using starch 
(333) as the indicator. 

253'94 parts by weight of iodine correspond to t89‘0 parts of SnCl2 and to 
119 1 parts of Sn. 
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Estimation of Hydrookn Sulphide in Aqueous Solution by 
MEANS OF Standard Iodine Solution. 

339 - When a suflieiently dilute solution of hydrogen sulphide is brought 
into contact witli free iodine, the following reaction takas place ; HoS + L = 
2 HI + S. Hence in the exact conversion of I into HI by H2S, 253 -'J 4 parts 
by weight of iodine react upon 3 DOS parts of HjS. 

If tlie solution, in which the lIjS is to be estimated by the above reaction, 
contains more than O’Ot })er cent, by weight of the gas, the change may not 
occur entirely according to the above equation. 

Two methods of procedure are described below j 

In the first method (34O) the hydrogen sul[)hide is directly titrated by 
adding the iodine sohition under suitable conditions to the hydrogen sulphide 
solution until the reaction is jast completed. 

In the second method (34I) the iodine solutionis at once added in excess 
to the hydrogen sulphide solution. Tiie total volume of iodine solution added 
must be known. I'he excess of iodine is then estimated by means of thio* 
sul|.)hati.! solution (332). 

The second method is usually more accurate than the first, since it prevents 
the risk of hydrogem sulphide escaping inty th<' air during the titration. It may 
he advantageously applied to cheek the irsiilt wliieh has been previously obtained 
by the first method, the first determination being made in order to a.scertain how 
far it is necessary to dilute the liquid in order to obtain accurate results. 

340. Direct Titration with Standard Iodine Solution, — Prepare 
some solution of HjS by passing the gas into water ; mix a measured quantity 
of this liquid with a little starch solution (333) titrate it with decinormal 
iodine solution {33I). This titration will roughly indicate the volume of iodine 
solution which Is rec^uind for the oxidation of the solution of H2S. 

If the weight of hydrogen Rnl[)hide in (he solution is greater than 0‘04 
jjcr cent., measure the rest of the solution. Then dilute it with air-free water 
until it contains less than 0*04 per cent., and titrate a measured volume of this 
solution with iodine. This titration will indicate very nearly the true amount 
of iodine solution required. But since loss of the hydrogen sulphide occuis 
both by escape into the air and by oxidation from the air during the process 
uf the titration, the results will be rather too low. This error may be avoided 
by proceeding as follows j 

Iniroduce into a flask a volume of the iodine solution somewnat less than 
that which was requij'ed in the last titration, and add to this the volume of 
diluted hydrogen sulphide solution which w.iS then employed. This amount 
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will destroy the colour of the iodine solution. Now add a little starch solu- 
tion, and carefully add more iodine solution gradually from a burette until 
a permanent blue colour is just obtained. 

From the total volume of iodine solution which has been used, the amount 
of hydrogen sulphide can be calculated by means of the equation (339). 

341. Addition of the Hydrogen Sulphide Solution to Excess of 
Standard Iodine Solution and Titration of the Excess.— Greater 
accuracy is attained by first diluting the hydrogen sulphide solution, if neces- 
sary, with recently prepared air-free water until it contains not more than 
0'04 per cent, of the gas (34O), and then adding a measured volume rapidly 
to an excess of the standard iodine solution, the volume of which must be 
accurately known. The presence of iodine in excess is indicated by a 
permanent yellow colour remaining in the liquid after it has been stirred. 

The amount of free iodine present in the liquid is now estimated by means 
of standard sodium thiosulphate solution (332) in the presence of starch solii- 
tion (334), and the weight of iodine required for the oxidation of the hydrogen 
sulphide may then be found by difference. From this the amount of the 
sulphide can be calculated. 


Estimation of Sulphur Dioxide, in Solution or in Comrination, 
BY Iodine and Thiosulphate. 

342. Estimation of Sulphurous Acid.~If solution of sulphur dioxide 
gas is mixed with an excess of the standard iodine solution, the following 
reaction takes place ; SO| + Ij + 211,0 - HjSOi -f 2HI. It will be seen 
from the equation that 253’94 parts by weight of iodine correspond to 64 06 
parts of sulphur dioxide. 

The sulphurous acid solution may, if very dilute, bo measured in a pipette 
and delivered below the surface of the iodine solution. But it is usually 
necessary to guard against loss of sulphur dioxide from the solution during 
the process, and this may be prevented by weighing the solution, previously 
jsooled to 5° C. in a freezing mixture, in a stoppered flask, and then quickly 
introducing it into a stoppered bottle containing the excess of iodine solution 

(331)- 

343* -Ascertain by a preliminary trial the proportions in which the solutlou 
must be mixed with the iodine solution so as to leave a permanent faint yellow 
coloration of iodine. 

Then introduce a slight excess of the standard iodine solution iulo a 
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stoppered bottle: quickly add the cool weighed sulphurous acid solution, 
insert the stopper, and mix the liquids by shaking. On now titrating the 
excess of iodine by sodium thiosulphate solution in the presence of starch, 
the iodine corresponding to the SO^ is found by difference, and the correspond- 
ing weight of SOj may be calculated from the equation (342). 

344, Estimation of SO2 in Sulphite.— The preceding method may be 
used in the following ' ay for the estimation of sulphite : 

The solid sulphite in fine powder is weighed on a watch-glass and is intro- 
duced at once, without previous mixture with water, into a known volume in 
excess of decinormal iodine solution : the liquid is then well stirred until the 
reaction is complete, a result which is only slowly obtained with insoluble 
sulphites such as calcium sulphite. The excess of iodine is now determined 
by means of standard thiosulphate solution and starch solution (334). 
A second similar experiment is then made, in which only a slight excess of 
decinormal iodine solution is used, as has been indicated by the first trial, and 
the excess is titrated as before. 

The weight of SOj is then calculated from the relative weights of iodine 
and of sulphur dioxide shown in the equation in paragraph 342. 


Estimation of Thiosulphate by means of Iodine. 

345- I*- already stated that a soluble thiosulphate undergoes 

a definite chemical reaction with iodine. Hence a thiosulphate may be 
estimated by means of standard iodine solution. 

If the sodium gait, NajSjOj.SHjO, is used, the reaction which takes place 
is as follows ; 

lNa.A05 -b l2= + 2NaI. 

For practice in the estimation weigh out accurately about 10 grams of 
sodium thiosulphate, dissolve this in water, and make up the solution to a 
litre. Titrate 26 c.c. of this solution with standard iodine solution, as is 
described in paragraph 334, 


Estimation op Formaldehyde by means of Standard Iodina 
AND Sodium Thiosulphate Solutions. 

34 ^ 5 * The solution of formaldehyde, known commercially as “ formalin, 
conlaina about ‘40 per cent, of formaldehyde. The f(»rmaldehyde may be 
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estimated in the solution by oxidising it to formic acid by means of iodirie 
in alkaline solution : 

H.COH + HjO + la = 2HI + H.COOH. 

It will be seen that the disappearance of each molecule of free iodine corn* 
sponds to one molecule of formaldehyde. 

For the estimation lOc.c. of the formalin are diluted to 400 c.c. ; lOc.e. of 
this 1 percent, solution are introduced into a beaker and mixed with 100 c.o. 
of decinormal iodine solution (33I). Sodium hydroxide solution is then at 
once added, drop by drop, until the colour of the liquid becomes bright yellow. 
After standing for ten minutes the liquid is acidified with dilute hydrochloric acid, 
and the iodine thus liberated is titrated with decinormal sodium thiosulphate 
solution. Each c.c. of decinormal iodine solution which has disappeared in the 
oxidation of the formaldehyde corresponds to O’OOIS gram of formaldehyde. 


USE OF STANDARD SODIUM THIOSULPHATE SOLUTION 
WITH POTASSIUM IODIDE. 

347. Many substances have the power of liberating iodine from a solution 
of pota.s.sium iodide. Thus free chlorine reacts upon potassium iodide solution 
in the following manner : Cl + KI = KCl 4- I. 

Kach substance liberates it.s chemical equivalent of iodine, which is then 
ea.sily estimated by standard thio.sulphate solution (334, 335 )' Hence the 
reaction i.s frequently made use of in volumetric analysis, as an indirect 
means of c.stimation. 

When some substances are heated with hydrochloric acid, they liberate 
a definite proportion of chlorine. Thus, when manganese dioxide i.s heat oil 
with hydrochloric acid, the following change occurs: MnOj + 41ltll = 
CI3 4 MnClj + 2H2O. Tlic chlorine, which is thus evolved, may he conducted 
into potassium iodide solution, when iodine will be liberated as is described 
above. The amount of iodine liberated will be equivalent to the chlorine, 
and is therefore proportionate to the “ available oxygen ” present in tlie 
manganese dioxide. 

Estimation of Chlorine in Aqueous Solution by means 
OF KI AND Thiosulphate Solution. 

348. Mix a measured quantity of dilute chlorine solution with solution of 
potassium iodide. Take care that an excess of potassium iodide is emf)loyed ; 
this is shown by the liquid remaining brown or yellow in colour after it has been 
well mixed (Note). 
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Then determine the amount of free iodine by titration with standard 
sodium thiosulphate solution (334). 

In calculating the weight of chlorine present, it must be remembered that 
35-45 of chlorine liberate 120-02 of iodine. 

The most satisfactory way of insuring the pre.sence of potassium iodide 
in excess is to mix the chlorine solution with the potassium iodide solution ns has 
beeiulireetcd above. An aliquot part of this liquid is then removed and titrated 
with the standard thiosulphate solution. Another equal volume of the li([iiid is 
then mixed with additional potassium iodide solution, and is titrated with the 
thiosulphate. If the two titrations yield identical results, the potassium iodide 
solution was originally present in excess. 


Estimation of Bkomine in Aqceoi'S Solution. 

349. The bromine solution is diluted, if necessary, and is added to an excess ol 
potassium iodide solution {Note, 348). The iodine, which, is liberated by the 
bromine, is then titrated by .standard thiosulphate solution (334). In calculating 
the sveightof bromine present in the original solution, it must be remembered 
the 79-90 of bromine liberate 126-92 of iodine. 


VAT-UATfON OK ?)f.K \CKIXG-rO\Vl)EK HY MEANS OK KI AND 
TlHOSlXniATE. 

350. Prepare llie turbid solution of bleaching-powder in the mannei- 
do, scribed in j>arngra['b 301' After Ibis liquid has been well mixed by shaking, 
transfer 25 c.c. of it to a 250 c.o. beaker or flask, add an excess of potassium 
iodide solution {Note, 348), Jvnd acidify the liquid with dilute hydrochloric 
^f'id. Then determine tlio amount of iodine, which has been liberated, by 
means of sodium thiosulphate solution and starch (334)- 

The amount of “ available chlorine ’’(3OO) present in the bleaching-powder 
is ohemically equivalent to the iodine liberated, 35'45 of chlorine corresponding 
120-9-J of iodine. 

Other Methods of Estimating “ avaihible chlorine ” in bleaching-powder 
Me described in paragraphs 301 and 315. 


Indirect Estimation of Manganese Dioxide by means 

OF KI AND ThiOSGLPHATE. 

351* Die manganese dioxide is heated with excess of hydrochloric acid, 
''nd chlorine gas is evolved. This gas is conducted into an excess of potassium 
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iodide solution, and the iodine which is set free is estitfiated by means of 
standard sodium tliiosulphate and starch solutions ( 334 ). It is evident that 
87 [)arts of MnOa will liberate 70*9 parts of chlorine and 253-84 parts of 
iodi/»e. 

352 . The Apparatus, whu-h i.s shown in Fig. 80, will be found useful for 
carrying out Ihc above proces.'; of estimation. It is prepared as follows 1 


Fio. So. 



ABsoRmo!^ OF Evolvkd Cl in K1 Soi.UTio.Nf. 


Note.— Thin apparatus involves the use of corks, which are advantageously 
dispensed with in some forms of absorption apparatus by making them entirely 
of glass. 

A small flask or bulb-tube (a), of about COc.o. capacity, is connected with 
a tube {b) by means of a b/ack rubber joint, within which the glass tubes are 
brought into contact with one another. 

, Upon the end of 6 is fused a thinner tube (c), which is bent as is shown in 
the figure, and is fitted to the bulbed U-tube (d) by means of a rubber cork. 
This apparatus will be found sufficient for ordinary purposes. But in the 
figure an additional plain U-tubo [e) is shown, which may be used as a guard* 
tube to prevent the escape of any trace of chlorine. These (J -tubes are kept 
cool by immersing them in cold water contained in a beaker, 

A plain bent glass tube of the same diameter throughout aa the nock of the flask 
may replace the tubes ( 6 ) and (c). The rubber corks and connections, which are 
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used in fitting up this apparatus, should have been previously freed from sulphur 
by boiling them in sodium hydrate solution. 

353' Estimation is carried out as follows: Weigh out accurately 
about half a gram of finely powdered manganese dioxide into the flask (a). 
Half fill the bulbs of the U •tube (d) with strong potassium iodide solution. 
If the second U-tube (e) is also used, pour into it sufficient potassium iodide 
solution to fill the bend. Ascertain that the apparatus is air-tight, and then 
add about 20 c.o. of strong hydrochloric acid to the manganese oxide in the 
flask. 

It will bo found convenient to introduce a small piece of magnesite with 
the manganese oxide. On the addition of the acid a regular stream of carbon 
dioxide gas will then flow through the U*tubes with the chlorine, and this will 
dilute the chlorine and render the absorption less violent. 

Now heat the flask gently by means of a small flame ; and as soon as the 
manganese dioxide is completely dissolved, boll the acid until all the chlorine 
has been expelled. * 

As soon as all the chlorine has passed into the absorption-tubes, pour out 
the contents of the first U-tubo into a beaker, and rinse out the tube also into 
the beaker. If the potassium iodide solution in the second U*tubo is yellow, 
the cliloriue has not been completely absorbed by the first tube : the contents 
of the second tube must therefore also be transferred to the beaker. This liquid 
is well mixed, and is then measured, and the free iodine in two measured i)or- 
tions is at once titrated by means of standard sodium thiosulphate solution 
and starch ( 334 ). 

The weight of iodine thus found in the whole liquid is a measure of the 
chlorine which has been liberated by the manganese dioxide, and two atoms 
of chlorine correspond to one molecule of MnOj as has been already ex- 
plained. 


Indirfxt Estimation of Curomatb by means of KI and Thiosulfhatb. 

354 . When potassium dichromate is heated with strong hydrochloric acid, the 
following reaction takes phioe : 

K^Cr^O, + I4Ha - sa, + 2CrCl, + 2KC1 + 7H,0. 

Accordingly the process which has been already described ( 351 - 353 ) for the 
estimation of MnO, may also be applied to the estimation of chromate. It will bo 
seen that 294*5 of K,,CrjOy yield 212*7 of chlorine, and will therefore correspond 
to 761*82 parts of iodine liberated. Hence, when the amount of iodine liberated 
has been estimated by sodium thiosulphate solution, the amount of chromate may 
be calculated. 
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[ndirkct Estimation ok Chlorate, Bromate, or Iodate by 

MEANS OF KI AND ThIOSULPIIATE. 

355. Distillation Method. — When a chlorate is heated with excess of 
strong hydrochloric acid, a mixture of chlorine with oxides of chlorine is 
evolved. This mixture sets free an amount of iodine from potassium iodide 
which is equivalent to the total weight of oxygen present in the chlorate. 

Ifoneo the above method (351 353) of liberal ing iodine from potassium 
iodide, and tilraling it with thiosulphiite and starch solulions, may be used 
for the estimation of chlorate. 

The acid-radicle of a chlorate (CIO,) liberalcs, under the above conditions, 
six atoms of iodine. 122‘() parts by weight of KCIO 3 will therefore liberate 
126 1)2 X 6 «» 701 .52 parts of iodine. 

The corrosi)onding acid-radicle of a bromate. (llrO-j) or of an iodato (IO 3 ) 
liberates only four atoms = .507 ’08 i)arts of iodine, since iodous and broinous 
chlorides remain in the flask. 

These data sunice for calculating the weight of chlorate, bromate, or iodato 
present, from the result obtained by titrating the iodine which it can liberate. 

356. Digestion MetlioJ. -\n iodato may also l)e estimated by tlu' amotiii': 
of iodine HUrntrd al oner, when it is mixed with strong hydrochloric acid juul 
potassium iodide page I7.S). The method may be (extended to a bromaUi 

and to other substanoe,s if the mixture is Ik.'ft subj(x:t,('d to digestion as follows : 

Select a 120 c.c. bottle, which i.s fitted with an accurately ground stopper. 
Test whether the stopper is air-tight by completely irnmor.sing the tightly stoppen'd 
bottle in hot water : no air-bubble.s should e.scapo between the neck and the 
stopper. If the stopper is not air-tight, grind it into the neck with very line 
emery-powder and water until it satisfactorily stands the above te.st. 

Now weigh out from 0-2 to 0-.5 gram of the substance into the bottle, add the 
requisite excess of strong hydrochloric acid and of potassium iodide solution, 
fa.sten the stopper down by means of copper binding-wire, and heat the bottle in 
the water- bath. As soon a.s the decomposition is complete, withdraw the bottle 
from the bath and allow it to cool. Then empty the contents into a beakiw, dilute 
the li(pud with water, and titrate the free iodine with sodium thio.sulphato solution 
and starch (334). 

In this process six atoms of iodine are liberated by (CIO^), (BrOj, and (lOj). 


Indirect Estimation of Copper in Solution by means 
OF KI AND ThIO.su LPH ate. 

357. The process of estimation depends upon the following reaction; 
2CUSO4 + 4 KI = GuJa + la + 

1 ’h.e potassium iodide is added in excess tf> the copper solution, and th(' 



857.3 ClO.,, BiiOa, IO 3 , Cv BY lODIDK AND THIOSULrilATR. 191 

liquids are thoroughly mixed. The amount of free iodine in the solution is 
then titrated by standard sodium thiosulphate solution and starch ( 334 ). 
The amount of iodine which is found by titration will bo pro{>ortional to the 
amount of copper which was originally present in solution, as is shown by the 
above equation. 

In order that the result may be accurate, the copper solution must contain 
no free acid except acetic acid. To secure this, sodium carbonate solution is 
added to the copper solution until a slight permanent precipitate remains *. 
and this precipitate is then removed by the careful addition of acetic acid. 

It is also necessary that the copper solution shall be fairly concentrated, 
else the reaction is not complete. About 0-5 gram of Cu should be present 
in the solution which is used for each titration. The amount of KI used 
should be ten times that of the copper present in order to secure satisfactory 
results. 



PAET TTT.-SECTION VIII. 

UNCLASSED VOLUMETKIC ESTIMATIONS. 


Estimation of Silver by Standard Sodium Chloride Solution. 

370 . When solution of silver nitrate is mixed with solution of sodium 
chloride, the silver is precipitated as the white insoluble chloride accordino; 
to. the following equation : 

AgNOj + NaCl = AgCl + NaNO*. 

A similar reaction occurs with any soluble silver salt. 

Accordingly the amount of silver present in a solution may be volumetri- 
cally estimated by exactly precipitating a known volume of NaCl solution of 
known strength by means of the silver solution. 

Thcr most convenient method of judging precisely the end of the reaction 
consists in adding a few drops of potassium chromate solution to the chloride 
solution (371). Dark red silver chromate will then be formed as soon as the 
silver salt has been added in slight excess. 

The method of procedure will be different when the silver solution contains 
free acid, since free acid interferes with or prevents the formation of silver 
chromate (372). 

371. Estimation of Silver in Neutral Solution.— As has been stated 
above, a few drops of neutral potassium chromate solution are added to a 
known volume of standard sodium chloride solution before the silver solution 
is allowed to flow in. The presence of the slightest excess of silver solution, 
after the precipitation of chloride is complete, is then indicated by a perma- 
nent red colour remaining in the turbid liquid after it has been well mixed. 

Process of Estimation , — Prepare a deoinormal solution of NaCl, by dissolv- 
58*5 

ing = 6*85 grams of NaCl in water, and diluting the solution to a 
litre. 

Measure 10 c.c. of the above solution into a porcelain dish, dilute it with 
a little water ‘».nd add three drops of neutral potassium chromate solution. 
Measure accurately the volume of the well-mixed silver solution which is 
192 
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to be titrated, and then charge a 50 c.c. burette with the liquid. Now add 
the silver solution from the burette, with constant stirring, until a faint 
permanent rod tint remains in the liquid in the dish. 

It is well to assist the eye in dotoctiiig this tint by adding to sodium 
chloride solution and chromate, in a second similar di.sh, sufficient silver 
solution to produce a faint but permanent red tint. This dish should stand 
beside the first during the proce.ss of titral-ion. The apj)earaneo of the 
slightest permanent red tint in the first dish is then, easily seen by comparing 
the cfdoiirs of the contenis of the two dishes. 

Since each c.c. of the NaCl solutiorf corresponds to 0*010793 gram of silver, 
the amount of silver present in the liquid which has been added- from 
the burette is easily calculated. From this result the amount of silver in the 
whole solution may then bo found. 

372 . Estimation of Silver in Acid Solution.— Since silver chromate 
cannot be prcci[>itntcd from an acid solution, the precipitation of this com- 
pound cannot be used as the indication of the completion of the process of 
titration, when silver is to l)C estimated in an acid solution. 

'J'ho precipitation of the whole of the silver from solution is, however, 
known to have taken place when no turbidity i.s formed by the further addition 
of the chloride solution. This method of judging the end of the reaetiuh is 
possible, since silver chloride is insoluble in solutions containing a little free 
nitric acid, and it quicldy .subsides, leaving a clear supernatant liquid, after 
the solution has been vigorously shaken. 

Decinormal sodium chloride solution is usually employed for tins estima- 
tion. It is added to the silver solution, which has been acidified with nitrio 
acid, and the liquid is vigorously shaken. Towards the end of the precipita- 
tion, the sodium chloride is added drop by drop until no further precipitate 
appears on the addition of the last drop. In covses where great accuracy is 
required, centinorraa! sodium chloride solution may bo used towards the end 
of the process. 

Process of Estimation.— Weigh out accurately about 0*3 gram of pure 
recrystallised silver nitrate into a well -stoppered 200 c.c. bottle. Add about 
100 c.c. of water, and a few drops of strong nitrio acid. Cover the bottle 
during the titration with black velvet or cloth to prevent access of light. 
Then add nearly the total requisite quantity of decinormal sodium chloride 
solution, about 20 c.c., and shako the bottle vigorously until the silver chloride 
precipitate is clotted together. Tap the bottle on the bench to cause any 
floating precipitate to subside. 

Now drop in a little more sodium chloride solution. If the clear super- 

U 
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natant liquid becomes turbid, add more sodium chloride solution cautiously, 
taking care to shake the bottle well after each addition. Continue this 
procedure until no further turbidity appears after the addition of the last 
drop of the chloride solution. 

When the point of complete precipitation has been nearly reached, the 
precipitate will bo found to subside slowly : but as soon as a drop of sodium 
chloride has been added in excess the liquid clears more rapidly. This indica- 
tion of the presence of excess of chloride solution is often valuable. 

Since each c.c. of the decinorinal sodium chloride solution corresponds 
to 0 010793 gram of silver, the percentage of silver in the salt is readily 
calculated. 


Estimation of Chloride, Bromide or Iodide in Solution by 
Standard Silver Nitrate. 

373 . The processes for the estimation of silver by standard sodium chloride 
solution (37l» 372 ) f^'lso serve for the estimation of a chloride, bromide or iodide 
in solution by standard silver nitrate solution. 

The amount of chloride in neutral solution may be readily estimated by 
adding a few drops of potassium (ihromato solution to serve as an indicator, 
and then titrating the liquid with decinormal silver nitrate solution. 

Decinormal silver nitrate solutimi is made by dissolving ir>-994 grams 
of AgNOs in water and diluting to a litre ; each c.c. of this solution 
corresponds to 0'003i545 gram of Cl. 

If the solution of chloride contains free acid, the acid may be exactly 
neutralised by means of pure sodium hydrate solution, and the chloride may 
then be titrated in the usual way ( 37 I). Or the neutralisation and the indicator 
may be dispensed with, and the chloride solution may bo added from a burette 
to a measured volume of the standard AgNOa solution, the procedure being 
similar to that already described in paragraph 372 . 


Estimation of Cyanide by means of Standard Silver 
Nitrate Solution. 

374 . The hydrocyanic acid, or soluble cyanide, is rendered alkaline by the 
addition potassium hydrate solution in excess, and standard solution of 
silver nitrate is added. As soon as the silver solution is present in excess, 
a preciwtato of silver cyanide is formed. 
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During this reaction a soluble double cyanide of silver and potassium is 
produced at first and therefore no precipitate is formed : 

2KCN + AgNOa = KCN.AgCN + KNO,. 

But as soon as the silver solution has been added in quantity more than 
sufficient for the formation of the double cyanide, a precipitate of silver cyanide 
is produced ; 

KCN.AgCN + AgNOa = 2AgCN + KNO3. 

The first appearance of this precipitate, therefore, serves to indicate the end 
of the first stage of the reaction referred to above. 

At the conclusion of the first stage of the reaction, each o.c. of decinorraal 
AgNOa solution which has been added will correspond to 0-013032 gram of 
KCN. 

The solution in which the cyanide is to be estimated should be largely 
dilated with water before it is titrated. 

A solution of cyanide containing free ammonia— .such as the cyanide solution 
which has been used for gold extraction— may bo mixed with a fow drops of potas- 
sium iodide solution. The first drop of silver solution which is added in excess 
of that required by the first reaction will then produce a precipitate of yellow 
silver iodide, showing that the reaction i.s complete. 

If the amount of hydrocyanic acid present in solution is to be estimated 
by this process, the acid should be neutralised by quickly mixing it with excess 
of potassium hydrate solution in a beaker, so as to prevent loss of the volatile 
acid. The amount of potassium hydrate solution which is added should 
correspond as nearly as possible to that necessary for converting the acid 
into KCN. 

In order to prevent the inhalation of poisonous vapour, the solution of 
hydrocyanic acid should be weighed instead of being measured by sucking 
it up into a pipette. 

Dilute hydrocyanic acid may be measured in a pipette, if a plug of cotton-wool 
moistened with silver nitrate solution is pushed into the upper end of the pipette, 
since this liquid absorbs the vapour of the acid and prevents it from being inhaled. 

For practice in the estimation use commercial potassium cyanide. Weigh 
accurately about 1 gram of the solid cyanide, dissolve it in 250 c.c. of cold 
water, and use 26 o.c. of this solution for the titration. No potassium hydrate 
solution need be added to this solution, since the commercial salt is always 
alkaline. Add decinorraal AgNOj solution until a very slight permanent 
precipitate appears. Then calculate the amount of KCN present, on the 
assumption that each c.c. of the silver solution added indicates fhe presence 
of 0-013032 gram of KCN. 
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Estimation of Silver by Potassium Thiocyanate Solution. 

375* When a solution of silver in nitric acid is mixed \Aitli a sufficient 
amount of solution oi potassium thiocyanate, the silver is precipitated as 
white silver thiocyanate: AgNOj + KCNS = AgCNS + KNO3; and if a 
few drops of feiric sulphate have been previously addoil t(i the silver solution, 
the presenee of thiocyanate in the slightest excess wi!I bo indicted Ijy tlic 
formation of a distinct and permanent red coloration of ferric thiocyanate. 

Those reactions may be utilised for estimating the proportion of silver 
present in silver alloys which have been dissolved in nitric acid, 

The following solutions will be required i 

1C9-97 

(a) Dednormal Silver Nitrate Solvtion, prepared by dissolving — = 
16’997 grams of AgNOg in water, and diluting to a litre. 

(b) Approximately Decinormal Potasnum or Ammonium Thiocyanate 
Solution.— An both the above salts are hygroscoyhc and are decomposed by 
heat, about 10 grams of the salt are dissolved in water, and this solution 
is then diluted to a litre and standardised by titration with the silver 
solution (a). 

(c) Ferric Sulphate Solution, prepared by adding strong nitric acid to a 
strong solution of ferrous sulphate and boiling until oxifles ot nitrogen are no 
longer evolved. 

The Standardisation of the Thiocyanate Solution is cficcted by 
placing 20 c.c. of the silver solution (a) in a beaker, diluting it with water to 
about 100 c.c. and adding a few c.c. of dilute nitric acid ; 1 c.c. of the iron 
solution (c) is then added to serve as an indicator, and the thiocyanate 
solution (b) is allowed to flow in from a burette, with constant stirring, until 
the red coloration of the liquid becomes permanent. From the volume of 
the solution required, its strength is then calculated. 

For Practice in the Estimation the proportion of silver in any silver 
alloy, such os a silver coin, may be determined. Any other silver alloy may 
be used if none of the other metals present strongly colour the nitric aoiti 
solution. 

Weigh out accurately about 0-3 gram of the silver alloy, dissolve this 
in nitric acid of 1-2 specific gravity, boil until no more nitrous fumes are 
evolved, and dilute the solution to 100 c.c. with water. Now add 1 c.c. of the 
ferric solution (c) as an indicator, and allow the standard thiocyanate solution 
(b) to flow in from a burette until a permanent faint red tint is produced. 
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Indieect Estimation of Chlorine in a Soluble Chloride by 
Thiocyanate Solution. 

376 . Tlie solution of chloride is mixed with excess of decinormal silver 
nitrate solution, and the excess is estimated by standard thiocyanate solution 
as has been described in paragraph 375 * From the amount of silver pre- 
cipitated % the chloride, the percentage of chlorine present as chloride is 
calculated, 


Estimation of CorrER in Solution by me.\ns of Potassium 
Cyanide Solution. 

377 . When an ammoniacal solution containing copper is brought into 
contact with a solution of potassium cyanide, it is decolorised. On this fact, 
a process for the volumetric determination of copper in solution is based. 

Since the J•caetion is influenced by the quantities of copper, of free am- 
monia and of ammonium salts which are present, care must be takea'that 
the amounts of these substances shall be approximately the same in every 
estimation. 

A standard solut'on of the copper salt is first prepared by dissolving 5 
grams of pure electrolytic copper in moderately strong nitric acid. The solu- 
tion is evaporated to dryness on the water-bath to expel the excess of acid ; 
the residue of copper nitrate is then dissolve 1 in water, and the solution is 
made up to a litre. 

A moderately strong sedution of pota.ssium cyanide is now poured into a 
burette. 20 c.c, of the ccJi^pcr solution, which correspond to O’l gram of Cu, 
are measured into a beaker, and 10 c.c. of ammonium hydrate solution of 0’9 
specific gravity are added. The potassium cyanide solution is then added 
to the copper solution, until the full blue colour disappears and only a very 
pale lavender tint remains. The end of the reaction is marked with greater 
precision by the appearance of this tint than by the total removal of the colour. 

When the copper value of the potassium cyanide solution has been thus 
determined, the solution should be diluted until 20 c.c. correspond to 20 c.c. 
of the copper solution. Each c.c. of the potassium cyanide solution is then 
equivalent to 0‘005 gram of copper. 

For practice in this method, weigh out accurately about 10 grams of pure 
crystallised copper sulphate, CuSO^.SHjO. Dissolve this, and make up the 
solution to half a litre with water. Take out 20 c.c. for the titration. Add 



198 


VOLUMETRIC ANALYSIS. 


[ 878 , 


to this 10 c.c. of ammonium hydrate solution of 0'9 specific gravity ; and 
allow the potassium cyanide solutum to flow in from the burette until only 
the very pale lavender tint remains. 

From the volume of the standard potassium cyanide solution which is 
required, the weight of copper piesent and its percentage proportion in the 
substance are readily calculated. 


Estimation of Zinc in Ammonucal Solution by Ferrocyanide 
OR BY Sodium Sulphide Solution. 

378. Estimation by Ferrocyanide Solution. —When sufficient potas- 
sium ferrocyanide solution is added to an acid solution of zinc, the zinc is 
completely precipitated as double ferrocyanide. In using this reaction 
volume tricall y, the completion of the titration may be indicated by the brown 
olour produced when the slightest excess of the soluble ferrocyanide is brought 
into contact with solution of uranium acetate. 

The following solutions are required for the process ; 

(a) Standard Ferrocyanide Solulion is made by dissolving about 45 grams of 
pure potassium ferrocyanide in water and making the solution up to a litre : each 
c.c. of this solution will correspond approximately to O’Ol gram of zinc, its 
exact strength being later on determined by titration with the zinc solution. 

(b) The Standard Zinc Sohtion is prepared by dissolving 2*5 grams of pure 
zinc in a 1 ttle hydrochloric acid which has been diluted with its own volume 
of water, carefully avoiding loss by spirting (66) : this solution is then tuade 
up to 250 c.c. An alternative method consists in dissolving 10-97 grams 
of pure ZnSOj.THjO crystals in water and making the solution up to 250 c.c. 
Each c.c. of this solution contains 0-01 gram of zinc. 

(c) Uranium Acetate in saturated solution. 

Standardise the Ferrocyanide Solution (a) by introducing 26 c.c. of the zinc, 
solution (b) into a beaker of about 400 c.c. capacity, adding 10 c.c. of strong 
hydiochloric acid and 6 grams of solid AmCl, diluting to 250 c.c. and heating 
to about 38° C. Then add the ferrocyanide solution gradually from a burette, 
with constant stirring, until a brown coloration just appears when the liquid 
is mixed with a drop of the uranium acetate solution on a white porcelain 
plate. As the precipitation of the zinc is not immediate, it is necessary to 
continue the stirring of the solution for a minute or two and then test again 
with the indicator, more ferrocyanide solution being added, if necessary 
until the brown coloration with the uranium solution persists. 
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From the volume of ferrocyanide sohition required, its precise zinc-value 
may then be calculated. 

The Process of Estimation of zinc is carried out precisely as is described 
under the above titration of the ferrocyanide solution, and the amount of free 
hydrochloric present as well as the temperature of the liquid should corre- 
spond generally to the directions there given, else chlorine might be liberated 
and cause the liquid to become greenish yellow in colour. 

It is evident that the estimation of zinc by this process cannot be made, 
if metals which form ferrocyanides insoluble in hydrochloric acid are present 
in solution. 

379. Estimation by Sodium Sulphide Solution.— When an ammoniacal 
solution of a zinc compound is mixed with sodium sulphide solution, the zinc 
is precipitated as sulphide: ZnS 04 + NsjS -=ZnS +Na 2 S 04 . Hie presence 
of excess of sodium sulphide may be readily detected by the brown precipitate 
which it forms in an alkaline solution of a lead salt. The lead solution is 
therefore used as an indicator of the completion of the titration. 

The following solutions are required 1 

Sodium Sulphide Solution. — Hydrogen sulphide is passed into a moderately 
strong solution of sodium hydrate, until the liquid smells strongly of the gas. 
Sodium hydrate solution is then added in quantity sufficient to remove 
the odour of the gas. This solution is suitably diluted, and is used for the 
titration. 

Alkaline Solution of Lead. — Lead acetate solution is heated with a mixture 
of tartaric acid solution ami excess of sodium hydrate. Neutral sodium 
tartrate solution may be substituted for the mixture of tartaric acid with 
sodium hydrate. As soon as the lead solution becomes clear, the heating is 
stopped, and the liquid is ready for use. 

Standard Solution of Zinc Sulphate, made as directed in paragraph 378 . 

The Process of Titration. — Transfer 25 c.c. of the zinc solution to a beaker. 
Then dissolve some ammonium carbonate in five times its weight of water, and 
mix this with three times its volume of dilute ammonium hydrate solution, 
prepared by mixing strong ammonium hydrate solution with three times its 
volume of water. Add this reagent to the zinc solution until the precipitate, 
which forms at first, is just redissolvcd. 

Lay a piece of filter- paper upon a white tile and place upon it at intervals 
separate drops of the alkaline lead solution by means of a glass rod. 

Now add the solution of sodium sulphide to the zinc solution with constant 
stirring. From time to time allow a drop of the liquid to fall from the stirring- 
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rod upon the filter-paper, bo close to a drop of the lead solution that it will 
expand and join it. In this way the precipitate is filtered off from the drop, 
and tlie liquid, in which the ZnS was suspended, alone comes into contact 
nvith the lead solution. The lead solution is blackened by contact with the 
moist ZnS, and the above precaution is therefore necessary. 

As soon as a dark line is produced by the contact of the two liquids upon 
fclic paper, the precipitation of the Zn is complete. A little experience renders 
it itussible to judge the end of the reaction w'ith great precision. 

The sodium sulphide solution, w hich has been prepared as is directed above, 
will probably be shown by this til ration to be too strong. It must be diluted, 
if nccessaiy, with air-free water until from L 5 to 20 c.c, of the solution are 
rc(|uired to precipitate 25 c.c. of the zinc solution. 

When zinc is to be estimated in a solution by this method, an aliquot part 
of the solut ion is rendered ammoniacal, as has been already described, and it 
is then titrated with the sodium sulphide solution in the manner just stated. 


KsTTMATfON OF PaOr, IN SOLUBLE PHOSPHATES BY MEANS OF 
Uranium Solution. 

380. This process dcpcnd.s upon the fact, that when solution of uranium 
nili ato or of uranium acetate and solution of a phosphate are mixed together, 
in the presence of an alkaline acetate and free acetic acid, the whole of the 
phosjihate is thrown down as uranium phosphate. 

In cai. ying out the process volumetrically, the uranium solution is usually 
added from a burette to the solution of the phosphate, and the presence of an 
excess of the uranium solution is detected by the formation of a brown precipi- 
tate of uranium ferrocyanidc, when a drop of the mixed liquids is brought into 
contact with a drop of freshly prepared potassium ferrocyanide solution. 

The following solutions are required j 

Standard SoJution of Uranium Nitrate. — Wteigh out- roughly 36 grams of crys- 
tallised uranium nitrate [UOalNOjjj.CHjO], or 29 grams of uranium acetate 
[1102(0211302)2. 2H2O], add 25 c.c. of g’acial acetic acid, dissolve the salt^^in 
^ W&ter, and dilute the solution to a litre. 

Standard Sodium Phosphate Solution, — Weigh out accurately 10‘085 grams 
of the pure, rccrystallised, non-effloresced salt, Na2HP04.12Ha0. Dissolve 
this in water and dilute the solution to a litre. 50 c.c, of this solution 
cories|)ond to O’l gram of P2O5. 

A Sulviion of Sodium Acetate containina Acetic Acid. — This solution is 
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prepared by dissolving 100 grams of sodium acetate in water, adding 100 c.c. 
of acetic acid of about 1-04 specific gravity, and diluting the liquid to a litre. 

A Solution of Potassium Ferrocyanide, which must be freshly jirepared. 

381. The Process of TUration.—AM to 50 c.c. of the sodium phosphate 
solution 5 c.c. of the sodium acetate solution, and heat the liquid to 90^ C. 
by placing the beaker upon a hot plate or on a water-bath. Now add the 
uranium solution from a burette, until a drop of the well-mixed liquids, when 
it is brought into contact with a di op of potassium ferrocyanide solution, gives 
a faint reddish brown coloration. 

Heat the liquid once more to 90'’ C., and test a drop again with ferrocyanide. 
If the brown coloration still appears, the titration has been completed. If, 
however, no coloration appears, continue to add the uranium solution, until 
the brown colour is produced with the ferrocyanide after the liquid has stood 
for some time. 

The uranium solution .should now be diluted until 50 c.c. of the phosphate 
solution require 20 c.c. of the uranium solution. Each c.c. of the uranium 
solution will then correspond to 0*005 gram of HjOs. 

In the final titration it is best to add nearly the whole of the uranium 
solution rapidly, and to finish the titration by gradually and cautiously adding 
the remainder. 

The uranium solution must bo titrated by a special method, if it is to be used 
for the e.'itiinntion of calcium phosphate or maguesiura phosjihato in acid solution 

(382). 

The above procedure indicates the method of estimation of phosphate in 
aqueous solution, * 

382. E.stin]ation of Calcium and Magnesium Phosphates.— -Tliese 
pho.sphates cannot be correctly estimated by uranium solution, wdiich has been 
standardised by means of sodium phosphate solution. The uranium solution, 
which is used for the estimation of PjOg in either of these phosphates, must 
be standardised by a solution which contains 5 grams per litre of tricalcium 
phosphate instead of by the sodium phosphate solution. 

J^efore this solution is prepared the purity of the tricalcium phosphate 
must be tested as follows ; Weigh out accurately about 0*25 gram of pure 
commercial calcium phosphate. Dissolve this in a small quantity of nitric 
acid, add a large excess of ammonium molybdate solution {52O). and allow 
the liquid to stand in a warm place for several hours. The process of precipita- 
tion must be proved to be complete by warming some of the clear liquid with 
more molybdate solution. Dissolve the precipitate thus produced in .ammo- 
nium hydrate solution, and estimate the P-Oj as MgjPjO, (166). From this 
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result, the amount of pure Ca3(P04)j in the commercial phosphate can be 
calculated. 

Now weigh out a quantity of the commercial phosphate, which contains 
5 grams of pure Ca3(P04)2. Dissolve this in a slight excess of dilute HCl, and 
dihite the solution to a litre. Mix .'iO c.c. of this solution in a beaker with 5 c.c. 
of the sodium acetate solution, and add the uranium solution to the cold liquid 
until the final point is nearly reached ; tlien heat to 90° C. and complete the 
titration (381). 

Note . — If the phosphate solution is heated at the beginning of the titration, 
calcium or magnesium phosphate may be precipitated, and it Is then redissolved 
in acetic acid only with much difficulty. 

From the result of this titration the phosphate-value of the uranium solu- 
tion, when it is applied to the estimation of calcium or magnesium phosphate, 
may be determined. 

383. Estimation of Phosphates of Unknown Composition. — A sub- 
stance of unknown composition, in which phosphate is to be estimated by 
standard uranium solution, must first be subjected to qualitative analysis 
The conditions which are specified in paragraphs 381, 382 with respect to 
the process of titration must then be observed. 


PART IV. 


GENERAL QUANTITATIVE 
ANALYSIS 


Introductory. — The student wlio has worked according to the directions 
given in the preceding pages will have gained experience in many ordinary 
processes of simple gravimetric and volumetric analysis, and will bo in a 
position to understand and perform more complicated analyses. 

Some analyses are accordingly described in this part of the book, most 
of wliich involve quantitative sep.arations. The processes which are made 
use of are either gravimetric or volumetric, each method being selected on 
account of its special suitability. Most of the processes which are described 
are those actually in use for technical, manufacturing, and agricultural pur- 
poses ; others servo for the examination of articles of food and drink. Most 
of these analytical processes are also suitable for determinations required for 
purely scientific purposes ; those described under Organic Analysis are more 
especially of this natme. 

Some of the methods afford a complete quantitative chemical examination 
of the substance under examination : in other cases the process is simply an 
“ assay ” or “ valuation ” of the material, which furnishes as a result only 
the percentage of some element upon which the value of the ore or material 
de[K?nds. 

When several constituents are to be estimated in a substance, time may 
frequently bo economised by weighing out separate portions of the substance 
for each estimation. It will be understood that this procedure will frequently 
entail the preliminary separation and rejection of certain constituents, under 
the scheme of analysis given in the text, before the particular constituent 
can be estimated. 

The process of calculation may also be facilitated by weighing out a suitable 
quantity of substance for the estimation: thus if the “factor quantity.” 
that is 0*4702 gram of iron, is used for the estimation of Si ( 536 ), the weight of 
Si found when multiplied by 10 gives the percentage of Si present in the iron 

A list of books of reference from wliich fuller information on special subjects 
may be obtained, and a list of journals which describe new analytical methods, 
will be found in paragraph I02I. 
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PAET IV -SECTION IX. 


ANALYSIS, VALUATION AND ASSAY OP ALLOYS, ORES, 
MINERALS, IRON AND STEEL, COAL, &c. 


Estimation of Silver and Copfer in a Stlver-coitf.r Alloy. 

Two mclhofls of cstimalion are here described, one of which is volumetric 
and the oilier f;ravimctrie. It may bo stated that English silver coinage 
contains 92-5 per cent, of silver and 7’5 of copper. 

396 . Volumetric Method.— Weigh accurately a threepenny piece, or 
about 1 gram of clippings or turnings obtained from a silver-oo[)per alloy. 
Introduce the alloy into a small flask, and place a small funnel in. the neck 
of the flask ( 66 ). Pour a few c.c. of strong nitric acid and then a little water 
through the funnel into the flask. A violent reaction will ensue. As soon 
as this ceases, heat the flask on the water-bath, adding a little more nitric 
acid, if necessary, to complete the solution of the metal. 

N<m heat the solution in an evaporating-dish on the water-liath, until 
most of the free acid has been expelled. Then add water and make up the 
solution to 200 c.c. with distilled water. 

Eslimaliun of the Silver . — Measure 20 c.c. of this solution into a wcll- 
stoppered bottle, add decinormal sodium chloride solution gradually from 
a burette, and shako the liquid in the bottle vigorously. The standard 
solution must be added until no further precipitate is produced in the clear 
liquid in the bottle by the addition of the last drop of the sodium chloride 
solution ( 372 ). 

Each c.c. of the sodium chloride solution corresponds to 0*01079 gram 
of silver, hence the percentage weight of silver in the coin is readily calculated 
^ from the result of the titration. 

Another method of estimation is described in paragraph 375 . 

Ealimation of the Copper.—- Measure 60 c.c. of the solution of the alloy into 
a beaker, ndd excess of sodium chloride solution and filter off and wash the 
silver chloride precipitate. Add to the filtrate and washings 20 c.c. of ammo- 
nium hydrate solution of 0*93 specific gravity, and estimate the copper in this 
liquid by titration with standard potassium cyanide solution ( 377 ). 
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An alternative method for estimating the cop0r is that elTcctccI by means 
of potassium iodide and sodium thiosulphate solution (357). 

397. Gravimetric Method. — Weigh accurately half a thrccpcany-pioce, 
or about O-.l gram of the clippings or turnings fro.'i! a fiilvcr-copi)cr alloy. 
Dissolve thi.s in nitric acid, and expel most of the free acid by evaporation. 

Estimation oj the Silver . — Add to this solution an excess of sodium ohlo!-idc 
solution. Boil the liquid, and filter off, wash, and weigh the prcci[)itatcd 
silver chloride (149). 

Estimation of the. Copper . — Heat the filtrate and washings from the silver 
chloride to boiling, and add a sliglit excess of i)otassium hydrate solulion. 
Then filter off and weigh the cupper oxide thus precipitated (126). 

The thiocyanate method of estimation (408) may be substitute;! with 
advantage for the above method. 


iNDiRFilCT Estimation of Arsenic in Ores by Thiocyanate. 

398. In the following method the arsenic is converted into alkaline arsenate 
by fusion with alkaline carbonate and nitrate: the solution of arsenate is 
then precipitated by an oxcees of silver nitrate solution, and the silver in the 
silver arsenate is titrated by thiocyanate solution (375). It is evident that 
the ore must contain no phosphorus, since this would be estinfated as arsenic 
by this process. 

From O’l to I'O gram of the finely powdercrl ore is fused with ten times 
its weight of a mixture in equal proportions of Na^CO, and KNO,^, in a 
porcelain or copper crucible, taking care that a layer of the alkaline salts 
covers the mixture. The cold mass is extracted with boiling wat(;r, and the 
insoluble matter is filtered off. The filtrate is then acidified with dilute 
nitric acid and is boiled to expel carbon dioxide and nitrogen oxides. The solu- 
tion is now made just alkaline by the addition of ammonia and is boiled again 
and filtered from any slight precipitate which may have been produced. 

This solution is made just acid by adding dilute nitric acid, and silver 
nitrate solution is added in quantity more than sufficient to precipitate the 
arsenate ; 2 grams of solid sodium acetate are now introduced and the liquid 
is well stirred. 

The silver arsenate is allowed to settle, and i.s filtered off and washed 
with cold water. It is then placed, while wet and in the filter- paper, in a 
beaker, and is dissolved in a small quantity of nitric acid which has been 
diluted with three times its volume of wator, 1 c,c. of the ferric sulphate 
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solution ( 375 , C) are the^added, the liquid is diluted to about 100 0 , 0 ., and 
the silver is titrated by the standard thiocyanate solution ( 375 , b). 


Valuation of Iron-orb, 

399. The valuation of an iron-ore has been described in paragraphs 314 
and 321-323, but the procedure described below is that best suited to 
give a rapid result when many ores are under examination. It has been 
already stated (316) that a solution of iron containing hydrochloric acid 
cannot be correctly estimated under ordinary conditions by standard 
permanganate. By the procedure described below, however, the titration 
of iron with permanganate in hydrochloric acid solution furnishes accurate 
results ; and this is important in the quick assay of iron-ore, since the iron 
is usuillv much more rapidly extracted from the ore by means of hydrochloric 
acid than by sulphuric acid, and the solution is more rapidly titrated by 
permanganate than by diebromate. 

The modification of the ordinary procedure consists in determining the 
value of the permanganate solution by means of iron solution, under precisely 
similar conditions to those under which the acid iron solution of the ore is 
subsequently titrated by the permanganate. Hie liberation of chlorine from 
the hydrochloric acid by the action of the permanganate is minimised by 
properly diluting the solution and by adding manganese sulphate : while the 
masking effect of the bright yellow colour of the ferric chloride upon the pink 
permanganate coloration at the conclusion of the titration is prevented by 
the addition of phosphoric acid, which converts the ferric chloride into colour- 
less ferric phosphate. 

The solutions required are the following j 

(a) Standard Potassium Pertnanganale, prepared by dissolving from 4 to 5 
grams of the crystals in water and diluting this solution to a litre ( 317 ). 

(b) Phosphoric and Manganous Solution, — 50 grams of crystallised manga- 
nous sulphate are dissolved in about 250 c.c. of water, adding a few drops of 
sulphuric acid if necessary: 250 c.c. of phosphoric acid solution of 1*3 specific 
gravity are added, together with 150 c.c. of water and 100 c.c, of strong 
sulphuric acid. 

(c) Stannous Chloride Solution is made by dissolving 30 grams of pure 
granulated tin in 125 c.c. of strong hydrochloric acid, and diluting with water 
to 250 c.c. ; this is filtered through asbestos, and the filtrate is mixed with 
250 C.C. of strong hydrochloric acid and 600 c.c. of water. 

(d) Mercuric Chloride Solution.— SO grams are dissolved in a litre of water 
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To Standardise the Permanganate Solutiod®pi«h off exactly 2-5 grams 
of pure iron wire, containing 99*7 per cent, of iron, and dissolve this in a 
small quantity of strong HCI in a 250 c.c. flask : then cool the solution and 
dilute it to the 250 c.c. mark on the fla.sk. 

Transfer 50 c.c. of thi.s solution, corresponding to 0-4985 gram of pure 
iron, to a small flask, add 25 c.c. of strong HCI and heat to boiling. Then 
add the stannous chloride solution (c) from a burette, with con.stant .shaking, 
until the iron solution just become.s colourless ( 312 ). 

Add to the solution in the flask (50 c.c. of the mercuric chloride solution 
(d). Mix well by shaking the flask, and pour the solution into a large porcelain 
di.sh which contains 600 c.c. of water and 60 c.c. of the special solution (b) ; 
then rinse the flask into the di.sh, using plenty of washing-water. 

Now add the permanganate solution (a) from the burette, with constant 
stirring, until the liquid just assumes a faint permanent pink tinge. 1 'hcn 
read off the volume of solution used from the burette and calculate the iron 
value of 1 c.c. of the permanganate solution. 

Determination of Iron in Iron Ore .— 1 gram of the finely powdered and 
dried ore is placed in a flask of about 250 c.c. capacity : 30 c.c. of strong 
hydrochloric acid arc added and the mixture is heated until the iron is com- 
pletely extracted from the ore. This is known to be the case when tlie ore 
is completely dissolved, or when the residue is quite white (314)- 

The unfilterod solution, which may contain white silica, is then treated 
precisely as is directed above in the use of the iron solution for 
standardising the permanganate solution. 


Valuation of Chrome Iron-ore. 

400 . The value of this mineral for commercial purposes depends almost 
entirely upon the proportion of chromium which it contains : the percentage 
of chromic oxide (CrjOg) which it contains should not fall below 40, if the ore 
Is to be of commercial value. 

The chromium may be determined by fusing the ore with sodium peroxide. 
Treatment with boiling water and filtration from the insoluble oxide of iron 
will then furnish a solution of Na 2 Cr 04 , which may be converted into Na 2 Cr 207 
hy the addition of HjSOi in excess. The acidified solution may now either be 
litrated-with standard ferrous sulph(tte solution ( 307 ), or excess of KI solution 
may be added and the free iodine titrated by standard Na 2 Sj 02 solution 
in the presence of starch solulrion ( 332 - 335 ). 
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The solutions requi^ for tho latter process of titrating the chromium 
are as follows : 

(a) Demmlemlar Sodium Thinsiil'phale Solution (332)- 

(b) Starch Sohdion (333)- 

(c) Potnsftium Iodide Solulkm, containing 10 grams of tho iodide iu 
100 c.c. of water. 

Standardising the Thiosulphate Solution.— This may bo elTeotcd 
by dissolving exactly .5 grams of pure dry KaCrgO^ in water, and diluting 
tho solution to .500 c.c. 10 c.c. of this solution, containing O'O.'lS.'l? gram of 
cliromium, are transferred to a beaker about 800 c.c. in capacity, and are 
then diluted to 000 c.c. with water and acidified with 20 c.c. of dilute H0SO4, 
made by diluting tho strong acid with throe times its volume of water. 
From 15 to 20 c.c. of the iodide .solution (c) are now added, and the 
mixture is stirred and allowed to stand for ten minutes in order that tho 
reaction may be complete. The ‘liberated iodine is then titrated with the 
thiosuI[)h:vte solution (a), using the starch solution (b) as an indicator towards 
the enrl of (lie pnmoss, and tho value of 1 c.c. of the thiosulphate solution 
in terms of (h- or CiaO., is calculated. Tlio titrated .solution contains chromic 
sulphate and is therefore of a greenish blue colour ; this renders necessary 
the dilution directed above in order that the end of the process may bo evident 
by the starch coloration. 

Process of Determining Or in the Ore.— About 0*5 gram of the finely 
powdered and dried ore is exactly weighed and is mixed in a nickel crucible 
with from 3 to 4 grams of sodium peroxide. This mixture is gently heated 
until it fuses, the crucible being held in a pair of iron crucible tongs and 
shaken until a clear liquid, free from lumps, is obtained ; a little more per- 
oxide is added, if neces.sary, during the process. 

The cold crucible is placed in a beaker with about 100 c.c. of distilled 
water and is heated until tho yellow mass has completely disintegrated ; 
the crucible is then removed and the solution is allowed to cool. A little 
solid sodium peroxide is now added, and the liquid is boiled for about five 
minutes in order to decompose any manganate or errate which may have 
been formed during the fusion. The cool liquid is then filtered and tho residue 
is well washed with hot water, and the filtrate and washings are diluted to 
500 c.c. 

Half of this solution is transferred to a beaker and is made just acid by 
the addition of dilute H^SO^, after which an excess of 20 c.c. of dilute H2SO4 is 
added. Tho liquid is then further diluted, the potassium iodide solution is 
added, and the titration with the standard thiosulphate is carried out as is 
described above for the process of standardising the thiosulphate. 
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Valuation of Mercury-orb. 

401 . Tn estimating the percentage of mercury present in cinnabar, or native 
6 u!phi<lo of mercury, the method described in paragraph 204 may often bo 
replaced by the following procedure. The process is suitably to any morcury- 
oro which is not rich in mercury and which contains the rnctal in the 
condition of sulphide. Rich ores require a preliminary dilution, as is described 
below, before they are treated l)y this process, or they may bo treated directly 
as is directed in paragraph 204 * 

The following method depends upon decomposing the sulphide by heating 
it with iron, and condensing the mercury vapour, which is ovoh ed, upon 
a cooled sheet of silver of known weight : the mercury forms an amalgam 
with the silver, and its weight is found by reweighing the silver. 

The Apparatus shown in Fig. 88 is prepared as follows : 

The upper edge of a glazed porcelain crucible (a) about 4*5 cm. in height and 
4 cm. broad, is ground down Hat on a 
rough surface; and the crucible is 
supported on a stand by dropping it 
into a suitable hole in a metal or 
asbestos sheet {h). 

A 5 cm. diflo or square of “fine” 
silver-sheet (/), weighing about 0*3 gram 
per square cm., is then annealed in the 
flame, and is rubbed between smooth 
surfaces until it lies perfectly flat upon VALUATroTr of Cinnabar. ' 
the top of the crucible. Upon this 

is placed a somewhat larger sheet of thin silver-foil (c) to keep the sheet (/) 
clean. 

A copper cooler ( 6 ) through which cold water constantly passes by two 
pipes (c) is now laid upon the silvor-foil (e) and is pressed down by placing a 
weight upon it. A gutter (g) should run round the cooler to collect any 
condensed moisture, which may be removed from time to tim^ by bl<^tting- 
[paper. 

The iron filings, which are to be mixed with the ore, are cleansed by heating 
them for an hour to, redness in a covered crucible and sifting them, when cool, 
through Si sieve o^ 80 meshes to the inch ; another batch of filings for placing 
above tiie mixture in the crucible may be sifted through a SO^mesh,. sieve. 
These are preserved in separate stoppered bottles. 

?or the Estimation the ore is finely powdered. If it mu^t be d,ried, th^ 


Fig. 88. 
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drying should bo carriedl^Ut with care, as free mercury is often present and 
miglit bo partially removed as vapour. 

The powdered ore is introduced in weighed amount into the crucible (a). 
About 2 grams may be taken if the percentage of mercury present is less than 
1 per cent., 1 gram if the percentage is between 1 and 2, and 0*5 gram or less 
if the percentage is between 2 and 5. 

If the process is aj)pliod to an ore containing more than 6 per cent, of 
mercury, the ore should be diluted by grinding 10 grams until it passes a 
sieve of not loss than 120-mcsh, and mixing it intimately with a known weight 
of sand or calcite which has been ground to pass the same sieve : a known 
weight of this mixture is introduced into the crucible, a note being made of 
the weight of ore which it contains. 

The ore is now mixed in the crucible with about 10 grams of the finer 
prepared iron filings, and the mixture is covered with about 6 grams of the 
coarser prepared filings. The crucible is supported in the aperture of the hole 
in the plate, which rests upon a tripod or retort-stand. The fre-shly cleaned 
and weighed silver-plate is placed centrally upon the crucible and covered 
with the silver-foil, and the cooler is placed upon this and is pressed down 
by a suitable weight. 

A flame is then applied which just siilTiees to heat the bottom of the cruci})lo 
to redness and which does not come into contact with the sides of the crucible. 
After the heat has been applied for about twenty minutes the flarno is removed, 
and as soon as the whole is cool the silver-plate is removed, dried for one nr 
two minutes in the steam-oven, and weighed when cold {Note). If any 
tarry matter has collected on the plate this must be removed by alcohol 
before the plate is dried. 

The increase in the weight of the silver-plate gives the weight of mercury 
in the weight of ore taken, and from this the percentage can be calculated. 


Note. — Unle.s3 some experience has been obtained in the adjustment of the size 
of the flame and the length of time required for the heating, it is well to repeat the 
process of heating the re.siduo in the crucible with a fresh silver-plate in order to 
make sure that the whole of the mercury has been removed from the ore : tlio 
second treatment should cause no increase of weight to the silver, and any such 
increase must be added to the weight of mercury already obtained. 

The silver-plate is freed from mercury by being gently heated and may 
then be used for a fresh estimation. 

It is possible to judge whether the plate has Iain absolutely flat on the 
edge of the crucible by noting whether the mercury stain upon it is perfectly 
circular and docs not extend beyond the edge of the crucible. This dost 
fitting of the plate is essential to insure against possible loss of mercury 
vapour. 



102 401 .] 


VALUATION OF ZTNO-OFE.S. 


211 


Valuation of Zinc-ores. 

402. The volumetric processes in paragraphs 378, 379 are convenient 
for estimating the percentage of zinc in many of it43 ores. 

Blende and other zinc-ores often contain load, copper, and cadmium. 
These metals must be removed from the solution of the ore by precipitation with 
hydrogen sulphide before the zinc is estimated. Iron and manganese also inter- 
fere with the accuracy of the tit ration, and may be removed as is described 
below. A preliminary qualitative analy-sis of the zinc-ores should always 
be made, in order to ascertain whether any of these metals are present. 

403. Estimation of the Moisture.— It is advisable in all cases to estimate 
the amount of moisture in the ore, since this renders it possible eventually to 
calculate the percentage of zinc in the dry ore. 

For this purpose weigh out accurately from 1 to 2 grams of the finely 
powdered ore. For rich ores 1 gram, and for the poorer ores 2 grams, will 
be found a suitable quantity for analysis. Heat this j)ortion of the ore in 
the steam-oven until its weight becomes constant (189) : the loss of weight 
which it sufi'ers represents the amount of moisture. 

404. Estimation of the Zinc.— Place (he dried ore {403) in a 210 c.c. 
beaker, and add a little aqua regia. Heat until solution is eom{)lete, and 
remove the excess of acid by heating the liquid in an evapora(ing-dish. 

If lead is present, add a few drops of strong sulphuric acid, and evaporate 
until dense white fumes appear. Extract the residue with water, and filler. 
If any other metals of the hydrogen sulphide group are present, such as copper, 
they must be precipitated by passing hydrog(m sulphide. 

If the solution contains iron and manganese, convert the iron into the 
ferric condition by heating the solution or filtrate with a little strong nitric 
acid. Add bromine-water in excess to the cold solution, then ammonium 
hydrate in slight excess, and boil. Filter off the precipitate, which consists 
mainly of ferric hydrate, and wash it free from zinc ; AnijS must produce nc 
precipitate when it is added to the last few drops of the washings. Add the 
j washings to the filtrate. 

If the iron precipitate is large in amount, it must be dissolved in hydro- 
chloric acid, and then roprocipitatod and washed as before. This procedure 
Vi'ill dissolve out the zinc which is invariably precipitated with the iron. 

1 Add the second filtrate and washings to those previously obtained. 

The zinc in this solution may then bo estimated by standard ferrocyanide 
solution, taking the precautions mentioned in paragraph 378 ; or it may 
he estimated directly in the ammoniacal solution by sodium sulphide sohdion, 
the strength of which has been recently determined (379)- 
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Valuation of CorPEii-ORKS. 

Four methods for estimating the amount of copper in the solution of a 
copper-ore are doscrilied below. Tlio first is an electrolytic method (405). 
Tlie second, or Mansfcld method (406), is an application of the cyanide process 
(377)* The third is commonly kn wii as the iodide method {407). The fourth 
is the thiocyanate method (408)- 

405* The Electrolytic Method. — In this process the copper is precipi- 
tated from the solution of the ore by an electric current and is then weighed 
in the metallic state. 

Preparation of the Solution of the Ore. — Weigh accurately about 2 grams 
of the finely powdered sample : and, if it contains bituminous matter, oxidise 
and expel I he organic matter by ignit ing the powder in the air. 

Then proceed to dissolve the copper by pouring a little moderately dilute 
nitric acid upon the ore in an evaporating-dish, and adding about the same 
quantity of dilute sulphuric acid. Cover the dish with an inverted funnel 
(Fig. 4 1 , p. 42), and evaporat e nearly to dryness on a sand-bath in order to expel 
the excess of nitric acid. Dissolve the residue in water, adding a few drop.s of 
nitric acid if necessary, then filter otT the residue and wash it twice with water. 

Tran.sfer the filtrate to a platinum dish, add 10 c.c. of nitric acid of 
specific gravity, and dilute the liquid until its volume is 150 c.c. Then 
proceed to deposit the copper electrolytically and to weigh it, as is described in 
paragraph 2l8. 

iiote. — It is essential in this process that an amount of free nitric acid not 
exceeding 10 per cent, should be present before electrolysis, since the strenglli 
of the acid is diminished during electrolysis by the formation of ammonia. If 
the solution becomes alkaline from this cause the copper is deposited as a brown, 
loosely adherent coating, and it is very difficult to wash this without loss. 

406. The Mansfeld Method. — The ore is first dissolved in acid, and the whole 
of the copper is precipitated from this solution by immersing in it a piece of /ino 
and a strip of i)latimim-foil. The cojiper is then rlissolved from the platinum strip 
by nitric acid. The acid soluf ion is rendered alkaline by the addition of ammo- 
nium hydrate in excess, and the alkaline .solution is titrated with standard potas- 
sium cyanide solution (377)- 

(a) Solution of the Copper. — Weigh accurately about 6 grams of the finely 
powdered ore into a 300 c.c. fla-sk. Add 40 c.c. of hydrochloric acid of 1 ’1 6 specific 
gravity. After a time add 0 c.c. of dilute nitric acid, made by mixing nitric acid 
of 1 '2 specific gravity with an equal measure of water. Gently heat the flask for 
thirty minutes on a sand-bath, and finally boil the liquid for fifteen minutes. The 
whole of the copper will now be in solution. Remove the insoluble residue by 
filtration, receiving the filtrate in a 500 c.c. beaker. 

(b) Precipitation of the Metallic Copper. — 4 rod, free from lead, and weigh- 
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ing about 50 gjains, is attached to a piece of platinum-foil. This is [)laced in the 
filtrate containing the copper. The precipitation of the copper in the metallic 
state eornmeiKics as soon as the warm liltrate comes into contact with the zinc and 
platinum, and is complete in about half an hour. The sponf?y copper partly adheres 
to the platinum, and is jtartly suspended in the licpiid. Detach the copper from 
the platinum, remove the zinc and platinum, and wa.sh the precipitated copper 
repeatedly by decantation. 

(c) Titration of the Standard Cyanide No/Mtma.— Standard potassium cyanide 
Bolution must now be prepared a.s follows : Weigh into a litre flask exactly 5 
grams of chemically pure copper, which has been preferably deposited clectrolyti- 
cally. Dissolve this in 260 0 c.c. of nitric acid, con.si.stiiig of equal measures of 
water and of nitric acid of 1-2 specific gravity, and dilute this .solution to a litre. 

Pour 30 c.c. of this copper sohition, which is e<piivalent to 0‘15 gram of metallic 
copper, into a small beaker. Add 10 c.c. of dilute ammonium hydrate solution, 
made by mixing one volume of ammonium hydrate of 0'1)3 s[>ecilic gravity with 
two volumes of water. 'I'hen add tho pota.s.sium cyanide solution from a burette 
to this solution, until its bhie colour fades to a very pale lavender ( 377 ). 

The copi>er-value of tho potassium cyanide .solution is thus determined, and 
the strength of the solution must then be so adjusted that eaclic.c. is equivalent 
to 0*005 gram of copper. 

(d) Kilimation of the Copper . — Dissolve the copper, which was [)recipitatcd 
from the solution of the ore (b), in 8 c.c. of nitric acid of the strength described 
above (c). Add 10 c.c. of the dilute annuonium hydrate solution (c), and proceed 
with tho titration as is described above (c). 

If the amount of copper in tho ore exceeds 0 j)er cent., dksolvc the precipitated 
copper in IG c.c. of tlie dilute nitric acid, juake up the .solution to lUO c.c. with 
distilled water, and withdraw 50 c.c. for the titration. 

The calculation of the percentage weight of copper in the ore from the result of 
the titration is very siiu[)le. For since 5 grams of the ore are used, and t'ach c.c. 
of the ])otassiurn cyanide .solution conxsspond.s to 0'005 giam of copper, each c.c. 
of the cyanide solution u.sed in tho titration rejuesents O’l per cent, of copper. 

Thi.s metliod k rapid, and is accurate if it is always carried out under the .same 
conditions. Caro must, however, be taken that lead is not present in large quantity, 
and that zinc is entirely absent. The solution should be at the ordinary tempera- 
ture, .since heat .seriou.sly afYects the result. The strength of the copper solutions 
to be titrated should not vary greatly ; and finally the same amount of ammoniacal 
salt should bo present in each determination. 

407. Iodide Method.—Weigh accurately about 2 grama of the finely 
powdered ore, and prepare tho solution of the ore os is diiected under tho 
electrolytic method ( 405 )* Then either precipitate tho copper completely 
from the diluted solution by passing hydrogen sulphide, filter, and wash 
the precipitate with water containing hydrogen sulphide ; or precipitate the 
metallic copper as is directed in paragrajjhs 405 * 406 - 

Dissolve the precipitate by heating it with a small quantity of nitric acid, 
evaporate nearly to dryness, add some water, and boil the litpiid until it ceases 
to evolve nitrous fumes. Add sodium carbonate until a small permanent 
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precipitate is formed, then add acetic acid in si glit excess. Dilute this 
liquid to 200 C.C., and estimate the copper by adding potassium iodide solution 
in excess, and titrating the iodine by standard sodium thiosul[)hate solution 

( 357 )- 

408. Estimation of Copper as Cuprous Thiocyanate.— The copper 
ore is treated as is directed in paragraph 405 in order to prepare a solution 
of the copper. For this estimation, however, the copper solution must not 
contain free nitric acid. Hence the free acid is neutralised by adding ammo- 
nium hydrate in slight excess, and the liquid is then rendered faintly acid in 
I'oaction by the addition of dilute hydrochloric acid. 

The copjior is then preci])italod from the solution by adding, with con- 
tinuous stirring, an excess of a solution of equal weights of ammonium thio- 
cyanate and of ammonium bisulphite, and allowing the liquid to stand for 
several hours. It is then poured through a tared filter- paper or Gooch filter 
(82). The white precipitate of cuprous thiocyanate, Cu2,CNS)2, is washed 
with cold water until the washings only show a faint red coloration with 
feriic chloride, and finally with 20 per cent, alcohol. It is then dried in the 
air-oven at 110 '^ C. until its weight is constant. For another method sco 
paragraph 496. 

Note. — Since copjter is the only metal which Is precipitated as thiocyanate 
from a solution of chlorides acidilied with hydrochloric acid, the above process 
serves to separate it from all other metals. 


Valuation of Sod a- ash. 

409. Soda-ash cctnsists essentially of anhydrous sodium carbonate, but it 
always contains sodium hydrate and other substances. 

Moisture, sodium carbonate, and sodium hydrate are commonly estimated 
in soda-ash. 

410. Estimation of Moisture. — Weigh 10 grams of the powdered soda- 
ash into a platinum crucible. Heat the covered crucible for about half an 
hour over a small Bunsen flame, and weigh it when it is cold. The of 
weight represents the moisture contained in the sample. 

411. Estimation of Sodium Carbonate and Sodium Hydrate.— Transfer 
the dried salt (4IO) to a beaker and dissolve it in air-free water. Filter 
off and wash any insoluble matter ; then dilute the filtrate and washings 
600 c.c. with air-free water, and make the liquid uniform by shaking it wall. 

Mix 50 c.c. of this solution with a few drops of phenol-phthalein solution 
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{269), and then add normal sulphuric acid ( 285 ) slowly until the red oolouj 
of the liquid is just destroyed. 

At this point all the sodium hydrate and one-half of the sodium carbonate 
will have been neutralised. For since phcnol-phthalein is sensitive to free 
carbonic acid, its rod colour will disappear as soon as the whole of the sodium 
carbonate has been converted into bicarbonate and a trace of carbonic 
acid has been liberated by the action of the sulphuric acid upon the 
bicarbonate. 

In order to prevent the escape of carbon dioxide, which would lead to an in- 
accurate result being obtained, the point of the burette should be immersed in 
the liquid, and the liquid should be kept at as low a temperature as possible. This 
applies to the addition of the acid throughout the process. 

Now add a few drops of methyl-orange solution (268)» and continue the 
addition of the standard acid until the colour of the solution changes from 
yellow to pink. At this stage the whole of the bicarbonate will have been 
converted into neutral sulphate. 

It is evident that the sodium, which was present as carbonate in the 
original solution of the soda-ash, is equivalent to twice the quantity of acid 
which was required for neutralisation after the addition of the methyl- orange. 
Also that the amount of sodium hydrate in the original solution is equivalent 
to the total amount of acid used, less that corresponding to the carbonate. 

The following example illustrates the procedure and the method of calcula- 
tion : 

Example.-— In a particular estimation, 10 024 grams of soda-ash were dissolved 
in water, and the solution was made up to 500 c.c. 

This liquid was titrated with normal sul[)huric acid solution, each c.c. of which 
corresponds to 0 05300 gram Naj^COj, and to 0 04000 gram NnHO. 

With phenol-phthalcin as an indicator, 50 c.c. of this solution required 9’6 0 . 0 . 
of normal sulphuric acid.. 

On the addition of methyl-orange, 8 4 c.c. of additional acid were required. 

Therefore the total amount of acid required was 9 0 -f 8'4 =» 18 0 . 

Hence the amount of acid equivalent to the sodium carbonate present in 50 
of this solution was 8'4 x 2 — 16 8 c.o. 

And 500 c.o. would require ■■ 16 8 X 10 ■■ 168 c.c. of acid. 

Therefore the amount of Na^CO, in 10'024 grams of the soda-ash* 
168 X 0-06300 - 8-9141 grams, 

8’9141 X 100 

Hence the percentage of Na,CO, — — i[^(^ — “ 88-93. 

The amount of acid equivalent to the sodium hydrate in 60 0 . 0 . of the solution 
is 18 - 16-8 =» 1 -2 0 . 0 . ; hence the acid equivalent to 500 c.o. — 1-2 x 10 — 12 0 . 0 . 

Therefore the amount of NaHO in 10-024 grams of the soda-ash is 12 x O'O4OO0 
- 0-48072. 

’ 0-48072 x 100 

Hence the percentage of NaHO — 10^)04 " 4 79. 



2 1C flENERAL ANALYSIS. [412 414, 

Note.— In technical analyses it is usual to state the weights of Na^O which arc 
present as carbonate and as hydrate respectively, j 


Valuation oE MangaNesE-oukS. 

412 . The value of a raangarlese-ote for the preparation of chlorine, and for 
many other piir{)oso.s, depends upon the amount of “ available oxygen ” 
which it contains. The available oxygen is that part of the oxyg(m which is 
available for effecting oxidation during the process of solution of the oxide 
in an acid. It will be seen from the following equation that half the oxygen 
in MnOj is thus “ available ” ; 

MnOa + HjSO, = MnSO^ + HgO + 0. 

Three methods for cstimat ng the commercial value of manganese-ore 
arc described below. The methods described in paragraphs 414 , 415 detor- 
mino the amount of oxygen which is actually available in practice. The 
met hods described in paragraph 416 , however, indicate the amount of manga- 
nese [jcroxide [tresent with greater accuracy. 

Many samples of tuunganeso-ore contain ferrous oxide. This reduces' 
the actual amount of available oxygen in the manganese oxide, since the 
ferrous oxide is converted into ferric oxide, and thus appropriates some’ of the 
oxygen, during the apjdications of the manganese oxide. 

When the estimation is to be made, about 10 grams of the oxide are finely 
powdered as rajiidly as possible, and the powder is placed in a stoppered 
weighing- bottle. 

413 . Estimation of Moisture,— Most manganese-ores contain combined 
water, in addition to hygroscopic moisture. The latter is usually estimated 
as follows ; 

Weigh out from 2 to 4 grams of the ore accurately in the watch-glasses 
and clamp, and heat it in the air-oven ( 42 O) to 120° C. until the weight 
becomes constant. Tiffs temperature drives off the hygroscopic moisture 
only. 

414 . Indirect Estimation of the Available Oxygen by Potassium 
Iodide and .Thiosulphate. 

About 0-5 gram of the finely powdered dried ore ( 413 ) is accurately weighed 
into the small flask (a) (Fig. 86 , j). 188) and is warmed with about 25 c.c. of 
sti^g hydrochloric acid, the chlorine which is given off being absorbed' in 
potassium iodide solution contained in the U-tube. The chlorine liberates 
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its chemically equivalent quantity of iodine, and this is then titrated with 
standard sodium thiosulphate solution (353)- 

The available oxygen is usually calculated in terms of manganese dioxide 
according to the e({uation, 

MnO, 4 4HC1 - MnCl^ + 2H2O + Cl,. 

415. Estimation of the Available Oxygen by the Oxidation of a 
Ferrous Salt. — Weigh accurately from 1 to 2 grams of pianoforte- wire, 
and dissolve it in dilute sulphuric acid as is described in paragraph 305- 'I’hen 
weigh accurately about 1‘5 gram of the dry finely powdered mangane.sc-ore 
(413), and add it to the irqn solution. Heat the SKjlution until the ore is 
dissolved, carefully avoiding the access of air. 

As soon as the solution of the ore is complete, estimate the amount of 
unaltered ferrous salt by means of standard potassium permanganate (319) 
or by standard potassium dichromate solution (306). 

The available oxygen is usually calculated from this result in terms of 
manganese dioxide, from the equation, 

2FeS04 -f MnOa + 211,804 = FcaiSO,), -b MnS04 -b 2H,0. 

416. Estimation of the Available Oxygen by the Oxidation of Oxalic Add.— 
Reference to pai agraph 187 will indicate another method of valuing manganese- 
ore, which may he applied either gravimetrically or volumetrioally. 

I’hc weight of oxalic acid which can bo oxidised by the mangane.se oxide is 
obtaijied by this method. 90 parts of correspond to S 7 05 parts of manga- 

nese dioxide, and from this relation the weight of MnO., may bo calculated. 

-f MnO, + H,SO^ - 2C0, -b 211,0 + MnSO,. 

Oravimelric Eslhmtion. — Weigh out accurately about 3 grams of the finely 
powdered manganese-ore {Eotc., 187). latroduec this, together with 2^ times its 
weight of neutral potassium oxalate, into the dcoompo.sition-Hask (175, 183, 185), 
allow strong sulplmrio acid to flow in, and estimate the CO, which is evolved as 
is diiected in tlie j)aragraplis referred to. 

yolumdric Estimation. — Pour upon 2 grams of tlie ore, contained in a ilask, 
100 c,c. of normal oxalic acid solution and 6 or 6 c.c. of .strong sulphuric acid. Heat 
the mixture until all black grains have disappe 1 red. Then filter die liquid, make 
tlie (iltrate up to 2r)0 e.c. and determine the amount of undecomposed oxalic acid 
in this solution by titrating it with standard [lermanganatc .solution (320) : the 
weight of oxalic acid which has been oxidised by the MnO, is then found by 
• liirerence. 
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Estimation of the Amount of Hydrochloric Acid required 
TO decompose a Manganese-ore. 

417. It is sometimes neeessary to determine for technical purposes the 
amount (jf hydrochloric acid which is necessary to decompose a manganese- 
ore. 

The amount of manganese peroxide found in a manganese-ore does not 
give a true indication of the amount of hydrochlojic acid necessary for its 
decomposition, since in many manganese-ores earthy carbonates and iron 
compounds are present. Hence the amount of free acid which disappears 
during the solution of the manganese-ore is usually in considerable excess 
of the amount actually decomposed by the MnOj. 

418. For the estimation of the amount of acid actually required for the 
solution of the ore, use hydrochloric acid of about IT 2 specific gravity. First 
ascertain (he strength of the acid by means of normal sodium hydrate solution 
(289). 'J hen pour 1 gram of the finely powdered ore into a small flask, add 
10 c.c. of hydrochloric acid of the above gravity, connect the flask with an 
inverted condenser (IOI6), and heat the acid until all action ceases. 

Now add standard sodium hydrate solution from a burette to the cool 
residual acid liquid, until the reddish brown precipitate of ferric hydrate, 
which first aiipeara, does not redissolve when the liquid is well shaken. This 
will measure the excess of acid which remains after the decomposition of the 
manganese-ore has been effected, 

'J’hc amount of acid required for the decomposition of the ore is that which 
is found to have disappeared during the process of heating. 

The amount of chlorine which has been evolved during the action of the 
acid may then be found (414), and the quantity of chlorine which remains 
combined as chloride in the solution can be calculated by difference. 


Analysis OF Limestone, Magnesian Limestone and Limb. 

419. Limestone consists essentially of varying proportions of calcium and 
magnesium carbonates. If the proportion of magnesium carbonate is large, 
the limestone is called magnesian limestone or dolomite. Limestone also 
usually contains moisture, silicious matter, iron, and aluminium ; and occa- 
sionally manganese, alkali-metals, and carbonaceous matter. Since the 
constituents of limestone may vary, an exhaustive qualitative examination 
ttould precede the quantitative analysis, 

A quantitative analysis of lime may also be made by following the scheme 
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arranged below : moisture removable in the air-oven will usually be absent, 
and little or no carbon dioxide will be found if the lime has been thoroughly 
and recently burnt. 

For practice in the following method of quantitative analysis, select a 
homogeneous piece of dolomite. Reduce about 10 grams of the substance 
to fine powder, and place the powder at once in a stoppered weighing-bottle. 

420. Estimation of Moisture. Dolomite rarely contains much moisture. 
In order to ascertain whether any moisture is [ucsent, and at the same time 
to estimate its amount, weigh out accurately from 1'5 to 2 grams of the powder 
in the watcli-gla.sses and clip (16), remove the (!li[) and iipj^er glass, and heat 
the lower glass and powder in the air-oven {61) for an hour at a temperature 
of about 200° C. 

Then remove the substance from the air-oven, immediately covering it 
with the other glass ; replace the clip, allow the glasses to cool in the 
desiccator, and weigh the glasses wlien they are cold. If any loss of weight has 
occurred, heat again in the same way in the air-ovon for half an hour and 
wt'igh once more. Repeat these [)roce.s8es until the weight remains constant 
in two successive trials. The loss of 'weight thus found gives the amount of 
moisture present. 

421. Estimation of Carbon Dioxide.— Transfer the dried dolomite 
(420) to the Mask (a) shown (>n i)ago 104 . Dccompo.se the carbonate with 
hydrochloric acid, and estimate the carbon dioxide gas which is evolved 
exactly as is described in paragraj)h 175 * 

The soda-lime absorption- tub® (/, p- 104) must be of sufficient capacity to 
Absorb tlio gas coin])leU!ly. As a j rccaution, a second somewhat smaller soda- 
lime tube /nay be attached to this larger tube and any increase of weight which 
occurs in this second tube Ls added to the gain of weight of the larger tube (/). 
This second tube, or “ guard tube,” serves to insure complete absorption of the 
gas. It also indicates when the soda-lime in the larger tube (/) is nearly saturated 
by repeated use and requires to be rephaced, sine when th s is the case the smaller 
absorption-tube undergoes marked inorcase in weight during the process of estima- 
tion. 

Caution. — Care must be taken to preserve without loss the solution which 
remains in the dccomposition-flask (a), as well as all the filtrates and washing- 
waters which are obtained in the following processes, since these liquids are em- 
ployed in the estimation of constituents of the limestone. 

422. Estimation of Silicious Matter. — The insoluble residue which is 
left in the flask (42I) consists mainly of sand and clay. A small quantity 
of silica will probably also have passed into the acid solution. The whole 
of the .silica which was originally present in the limestone may he estii^^ted 
as follows 1 
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The conients of the decomposition-flask are carefully rinsed out into a 
porcelain dish 10 ctn in diameter, a little strong nitric acid is added, and the 
liquid is evaporated to dryness on the water-bath. The dish is then heated 
in the air-bath to 150" C. for an hour in order to convert the silica into the 
anhydrous insoluble condition. 

The dish is now allowed to cool, and its contents are heated with a small 
quantity of strong hydrochloric acid, which will dissolve everything except 
the silica and the clay. A little water is added, the liquid is filtered, and the 
residue is washed in the filter until it is free from acid. 

The residue is then ignited. If it is small in amount, it is ignited together 
with the filter ( 99 ). If, however, tlie amount (jf residue is considerable, the 
filter is more conveniently incinerated apart (lOI). 

The residue thus estimated consists of silica and clay. Kefer to para- 
graph 210 iind NoU 1 . 

423. Estimation of Ferric Oxide and Alumina.— Add to the filtrate 
and washings from the estimation of silica (422) a considerable quantity of 
ammonium chloride solution, and then add ammonium hydrate in very slight 
excess. Heat the solution nearly to Ixtiling, and filter. 

Whish the jii'ccipitato of aluminium and iron hydroxides twice with hot 
water : fheii dissolve it in hot dilute hydrochloric acid, and reprecipitatg the 
iron and aluminium hydroxides by adding ammonium hydrate in slight 
excess. 

Thi.s second precipitation separate.^ the calcium, which is precipitated with 
the iron and aluminium hydroxides as carbonate by the trace of ammonium 
carbonate in the ammonium hydrate. 

Filter, and wash the precipitate until it is free from dissolved chlorides. 
Carefully rc.scrve and mix together the above filtrates and all the washings. 

If the i)rccii)itatc is sundl in amount, and it is mjt intended to estimate 
the iron and the aluminium se[)arately hy paragraph 424 * the precipitate 
may now be dried in the steam -oven, and the filter aiul pj'ecipitato may 1>o 
ignited together ( 99 ) at a bright red-heat in a platinum crucible. The ignited 
residue of Fe^Oa and Ah^Oj is then weighed. 

This residue is reserved, if necessary, for the estimation of the Fe and the 
A1 which it contains, according to the direction.s given in paragra[)h 424 . b. 

424. Separate Estimation of Iron and of Aluminium, or of Alu- 
minium by Difference. — If the amounts td iron oxide and of Aluminium 
oxide present are to be determined, proceed either to separate the oxides of 
these metals and to estimate them separately (a), or to determine the alu- 
minium by difference (b). 

(a) Seyarute Estimation of Aluminium and of Iron . — Dissolve the washed 
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precipitate of alinninium and ironhydroxidea (423) upon the filter in hot dilute 
hydrochloric acid, and allow the solution to flow into a porcelain or nickel dish 
containing about 50 c.c. of strong potassium hydrate solution, which must 
be free from alumina. Wash out the acid, which remains adhering to the filter- 
pa[)er, with a small quantity of water, and allow those washings also to flow 
into the dish. Boil the contents of the dish for a few minutes. The iron will 
thus be precipitated as ferric hydroxide, while the aluminium hydroxide will 
remain in solution. 

The iron precipitate is filtered off and washed. It is then dissolved in 
hydrochloric acid and rcprecipitatcd by ammonium hydrate, in order to free 
it from alkali. The precipitate is then filtered off and washed, then ignited 
at a red heat (99), and weighed as FcjOj (129). 

The original alkaline filtrate, which contains the aluminium hydroxide, 
is mixed with a slight excess of strong hydrochloric acid, and then with ammo- 
nium hydrate in very slight excess. The precipitate is filtered off, wa.shed, 
dried, and ignited, and is weighed as Al^Oj (130). 

(b) Estimalion of Iron and of Aluminium by Difference. — The ignited 
and weighed precipitate of FcjOj and AhOa (423) is dissolved by prolonged 
heating with strong IICl. The iron in the solution is reduced by means of 
stannous chloride {312). or by ammonium bisulphite (313), and is titrated 
by means of dichromaio solution (306) : or more rapidly by the method 
described in paragraph 399. 

The weight of Fo thus found is calculated as FegOj, and this weight is 
subtracted from the original weight of the precipitate containing the FejOj 
and AI2O3. The difference represents the weight of the AljOg. 

425. Estimation of Manganese. — If only a trace of manganese Is present 
in the limestone its estimation may be neglecicd, since it will be precipitated with 
the iron and will cau.so no appreciable error in the weight of Fe^Oj obtamed. If, 
however, there is any quantity of mangane.so present, the iron and aluminium 
must be first precipitated a.s basic acetates (435) : the manganese is then precipi- 
tated from the filtrate as hydrated peroxide and is estimated as is directed in 
paragraph 438. 

426. Estimation of Calcium. — Mix together the ammoniacal filtr tes 
and washings from the iron and aluminium precipitate (423)* the liquid 
to boiling, and add a moderate excess of solid ammonium oxalate (I45» A^o^e). 
Filter, and wash the precipitated calcium oxalate two or three times. Dissolve 
the precipifate in hot dilute hydrochloric acid ; filter if necessary, and re- 
precipitate the calcium oxalate by adding a slight excess of ammonium 
hydrate solution, together with a few drops of ammonium oxalate solution. 
Filter ; wash, dry, and ignite the precipitate, and weigh it as carbonate or 
aa oxide (J46, 147). 
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The excess of ammoiiium oxalate retains most of the magnesium in solution, 
but if much Mg i.s present the above repreeipitalion is necessary to remove 
magnesium from the preci[)itato of calcium oxalate. 

427. Estimation of Magnesium.— Pour tlie^flltratc\s and washings from 
tlic calcium oxalate j>recip laio (426) into a porcelain dish 15 cm. in diameter. 
Evaporate this liquid to dryness, lightly greasing the inside edge of the 
dish to prevent the solution from creeping over. As soon as all the liquid 
has been driven off, place the dish on a sand-bath or on a jnece of wire-gauze, 
and heat it as long as fumes of ammonium salts arc driven off. This removal 
of ammonium salt is 1 ocessary, since they prevent the complete precij)ita- 
tion of magnesium. 

Treat the residue in the cool dish with a little strong liydrochloric acid; 
then warm, add water, and filter if necessary. To the clear solution, contained 
in a beaker, add ammonium hydrate in moderate excess, then add excess of 
sodium hydrogen phosphate solution and allow the liquid to stand for a few 
hours. Filter, and wash the preciiii ate with dilute ammonium hydrate 
solution ; then ignite it, and weigh the Mg as 

The precipitation may he very much hastened by shaking the liijuid well 
in a stoppered bottle (165 and A^o/e 1 ). 

428. Estimation of the Alkali-metals.— Sodium and potassium may 
be estimated, if necessary, as follows : 

Five g-ams of the do’omito are dissolved in hydrochloric acid, sulphate 
is completely precipitated by adding BaCl^ solution, and the solution is made 
alkaline by the addition of excess of “ milk of lime,’' so as to precipitate all 
the metals except those of the alkalis. 

The milk of lime is {)reparcd by stirring up freshly .slaked lime, which must be 
free from alkalis, to a creamy consistency with water, 

The milky liquid is heated and tlien filtered. The excess of lime is removed 
from the filtrate and washings by first adding ammonium hydrate and ammo- 
nium carbonate solutions in excess, and then a few drops of ammonium 
oxalate solution. The precipitate is filtered off, and the filtrate is acidified 
with HCl, and evaporated to dryness in a weighed porcelain or platinum dish. 

The chlorides of sodium and potassium thus obtained are heated for a short 
time in the air-bath at 160® C. or upon the sand-bath, and are finally weighed 
after cooling in the desiccator. 

In order to remove the trace of calcium which is still usually present, the residue 
Is dissolved in water containing a little dilute HCl, and a few drops of solution of 
AmHO and of Am^Cj^O^ added. If a precipitate forms it is filtered ofT, the filtrate 
is evaporated, and the residue is moistened with hydrocblorie acid to convert any 
carbonate into chloride, then evaporated to drynes.s, ignited and weighed. 
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429. The Proportions of tho Sodium and Potassium Chlorides which 
are present in this residue may be detonnined by either of the following 
methods, a or b. 

(a) The weighed rcsidue^is dissolved in wstcr, and a few drops of HCl and 
an excess of platinic chloride solution are added. The liquid is (hen evapo- 
rated on the water-bath, and tho residue is treated with alcohol in which the 
potassium salt, K^PtCl^, is insoluble : the double salt is then drio;l and weighed 
as is directed in paragraph 171. Tho weight of potas.sium chloride present is 
now calculated, and tho weight of tho sodium chloride is found by difference. 


(b) Tlic weighed residue of the chlorides is dissolved in water, and tho 
vcight of chlorine is determined by titration with standard silver nitrate 
solution (373). 

The weights of sodium and of pota.s.sium present in tho residue may then 
be calculated as follows : 


If X — the weight of NaCl in the mixed chlorides; 
y =rr the weight of KCI in (he mixed chlonMos ; 
a the total weight of the mixed chlorides ; 
b tho total weight of chlorine in the mixed chlorides j 

Then : 

(1) X -f y — fl and 


n Cl 3.V4:) 

+ 74 '(i • 


whence 


(2) 0-(i0() X -f 0-475 y «. 6. 


Multiplying equation (1) by 0-G:}6 : 

(3) 0 006 X + 0 G')6 y « 0 GOO o. 

Subtracting (2) from (3) 

0131 y =» 0-000 a -6; 

0-600 a-b 
0 131 


And from equation (1) : 

h - 0-475 a • 

" 0431 “" 

From these values of x and y the weights of NaCl and of KCI in th ' mixed 
chlorid s may be found, and from th se th^ pore nbago w'cights of Na and K 
in the limestone may be calculated. 

The weight of the oxide of each alkali metal which was present in the 
limestone is oaloulated from the weight of the metals found- 



224 ORNRRAL ANALYSTS. [ 430 - 435 , 

430. Limestone may also contain Phosphate, Sulphate. Chloride, and Car- 
bonaceous Matter.— The phosphate may be estimated in the manner described 
under spathic iron-ore (442). 

Tlio sulphate may be estimated by dissolving 6 grams of the limestone in dilute 
hydroeliloric acid, filtering off the residue, and precipitating the SO^ as BaSO^ (l33)- 

The cldorido may bo estimated by dissolving 5 grams of the limestone in nitric 
acid, filtering off the residue, and precipitating and weighing the Cl as AgCl (149). 

In the absence of combined water the amount of carbonaceous matter may bo 
found by subtracting from the total loss of weight, caused by prolonged ignition 
to redness, the weights of moisture (420). and of CO^ (421). 

For the Results obtained by the analysis of limestone, lime and mortar refer 
to paragraphs 940, 941, 942. 


Analysis of Spathic Iron-orb. 

431. Spathic iron-oro consists essentially of impure ferrous carbonate. 
Its constituents are usually the same as Ihoso of limestone, bub the proportion 
of ferrous carbonate is high, whereas the calcium and magnesium carbonates 
arc present in small quantity only. Usually an appreciable iiuantity of 
manganese is present, and combined phosphorus and sulphur are frequently 
found. The phosphorus and sulphur must bo carefully estimated, since the 
value of tlie ore, and the process of smelting it, are influenced by the amounts 
of phosphorus and of suljthur which it contains. 

Preparation of the Ore. — Finely powder al^out 15 grams of the ore 
(55, 56), and keep the powder in a clean, dry stoppered bottle. 

432. Estimation of Water. — Weigh out accurately about 2 grams of 
the powdered ore, and estimate tlio moisture by drying it at 200 '’ C. in the air- 
oven (420). 

433. Estimation of Carbon Dioxide.— The amount of carbon dioxide 
is then estimated in the dry ore (432) by direct weighing (421). 

434. Estimation of Silicious Matter.— The hydrochloric acid solution, 
together with Iho undissolved residue from the flask (433), is evaporated with 
a little strong nitric acid. The residue is heated in the air-bath to 150 “ C. 
for an hour, and is then heated with a little strong HCl and some water.. The 
residue, consisting mainly of silica, is filtered off, washed, ignited, and weighed! 

(422). 

435. Estimation of Iron and Aluminium.— The filtrate from the silioc^ 
(434) usually contains an appreciable amount of manganese^ 
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If manganese is absent refer to 423 for the method of precipitating the iron 
and alupiinium. 

If manganese is present, the iron and aluminium should be precipitated 
ns basic acetates by carefully carrying out the following directions : 

Dilute the acid filtrate (434) considerably with water ; then add ammo- 
» nium carbonate solution gradually, and with constant stirring, until the 
precipitate which forms at first is redissolved with difficulty. The solution 
wiil now be deep brown in colour. Continue the gradual addition of ammo- 
nium carbonate solution until a very slight precipitate forms, which almost 
disappears when the liquid is stirred, the liquid remaining slightly opalescent. 

Now add a little acetic acid and a moderate quantity of strong ammonium 
acetate solution, and boil for a short time. Filter the liquid while it is hot 
(Fig. 66, p. 65), and wash the precipitate twice with boiling water. The 
filtrate and washings must bo clear and colourless. Remove any manganese, 
which has been precipitated with the iron and aluminium, by redissolving 
the precipitate in hydrochloric acid, adding ammonium carbonate as before, 
and reprecipitating the iron and aluminium by again boiling the solution 
with acetic acid and ammonium acetate solution. 

The precipitate will contain the iron and aluminium as basic acetates, and 
the manganese will remain in solution. Filter, and wash the precipitate without 
intermission with hot water. Add the first portion of the washings to the 
two filtrates, and treat the liquid as is described later on (438). This liquid 
should be perfectly colourless. 

436. Separation of the Iron from the Aluminium.— The precipitated 
basic acetates (435) may be treated by either of the following methods (a, b) 
in order to separate the iron from the aluminium 1 

(a) The precipitate is dissolved in dilute hydrochloric acid, and the iron 
and aluminium are estimated in the solution according to the directions 
already given in paragraph 

(b) The precipitate is dissolved in hydrochloric acid, and the solution is 
made up to 250 c.c. with water. 

100 c.c. of this liquid are mixed with excess of ammonium hydrate solution. 
The precipitate, thus produced, is filtered off and is weighed as is described 
in paragraph 423. This will give the total weight of FcjOj, AI3O3, and P,0, 
i in 100 c.c. of the liquid. Keep this precipitate carefully. 

The total amount of iron is then estimated in another part of the solution. 
This is effected by reducing two separate portions of 25 c.c. each {312, 313)* 
and then titrating life ferrous salt with standard diohromate solution, or by 
the special procedujp described in paragraph 399. 

The weight of JrajO,, corresponding to the Fe in the 250 o.c. of the solution, 
• 16 
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is now calculat('(l. By subtracting the sum of the weights of the Ee.h);, and 
the P2O5 {442) fiorn the total weight of FeX)^, Al./).,, and already found, 
the weight of the ALO3 will be obtained. The weight of PjjOj is usually so 
small as to be negligible. 

437. Estimation of Iron present in the Ore in the Ferrous State. 
The larger part of the iron in the ore is probably pre.sent in the ferrous state. 
This is estimated by di.ssoiving grams of the ore in hydrochloric acid in Ih > 
apparatus sliown in Fig. 84 or 85 (p. 165 ). The process of solution is carried 
out precisely as is described in paragraph 305» ihe ore taking the [)lace of the 
steel there mentioned. By this procedure the ferrous compound present in 
the ore is dissolved, and its solution is diluted to a known volume, without 
the risk of changing any of the ferrous into ferric .salt. The ferrous salt in an 
aliquot part of this solution is t hen titrated by means of potassium dichroinato 
solution (306), or by the special procedure described in paragraph 399. 

438. Estimation of Manganese. -The filtrate from paragraph 435 
contains the manganese, calcium, and magnesium. Add bromine-water to 
this liipiid until it acquires a permanent yellow colour ; then add excess 
of ammonium liydrate solution, and warm. The manganese will be prcci|»i- 
tated as hydrated peroxide. Filte- this otT, and add to the filtrato more 
bromine-water and AmHO in order to make sure that all the mangane.so is 
precipitated. Then wash the precij)itate, dry and strongly ignite it, and 
weigh it a.s Mn304 (164)- 

439. Estimation of Calcium.- To the filtrate from paragraph 438 add 
a little ammonium oxalate solution. Allow the liquid to stand. Filter oti 
and wash the preci[)itate, dry and strongly ignite it, and weigh as calcium 
oxide (I47). 

440. Estimation of Magnesium.— Evaporate the filtrato from the calcium 
oxalate [irecipitate (439) to dryncs.s, ignite the residue, dissolve it*n dilute HCl 
and estimate the Mg as MgjPaO, (l 65 )* 

441. Estimation of the Alkali-metals.— The alkali-metals may be 
csti.-nated, if necessary, as is described in paragraphs 428, 429. 

442. Estimation of Phosphate.— The estimation of phosphate in an iron- 
ore is of much import anco. Two methods are described below (a, h), of which 
the second (b) is the more rapid and accurate, 

(a) Any phosphate, which was present in the original ore, will have been 
precipitated with the basic acetates of iron and aluminium (435)* 
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The precipitate of Fe.Oj + ALO^, which was obtained in paragraph 436, b 
will therefore contain the phosphate. IJissolve this precipitate by prolonged 
digestion vvitli strong hydrochlorio acid. Kvaporato the solution to dryness 
on the water-bath, and dissolve the residue in nitric acid. 

Add a largo excess of ammonium molybdate solution (52O). -‘ind a]lo\v the 
li(|uid to stand in a warm place for a few hours. Pour olT the clear li(juid 
and warm it with fresh molybdate solution, in order to ascertain whether all 
the phosphate has been precipitated. Filter olT the loose yellow preci[)itate 
and wash it and rinse out the beaker with very dilute nitric acid. Then 
dissolve the precipitate, which remains adhering to the beaker, by pouring 
in ammonium hydrate solution, and pour this off through the tiller in order 
to dissolve the rest of tho precipitate. Rinse out the beaker and wash the 
filter well. Add excess ol magnesia mixture (167) fo the solution and washings, 
and estimate the phosphate as Mg,, 1 ^ 0 ; (166). 

(b) 'fhe jiliosphate may bo estimated more rapidly as follows : Dissolve 
from .3 to 5 grams of tho ore in nitric acid ; boil od most of the acid ; dilute, 
tilier, and precipitate the phosphate from the filtrate by tho addition of a 
large exces.s of ammonium molybdate solution (520)- d’reat this [uecipitate 
as is described above (a), and estimate the jiliosphato as (l66). 

443. Sulphate and Chloride, if they arc pn:seut, may bo estimated as is 
directed in paragraph 430. 

For the Results obtained by the Analysis of Spathic Iron-ore refer to para- 
graph 943. 


Analysis of Manganf.se-spab. 

444. Manganese-spar consists mainly of manganese earbon.ate, but it usually 
contains smaU quantities of certain of tho substances which are present in limo- 
stone (419). 

Water, Carbon Dioxide, Silicious Matter, Iron, and Aluminium arc estimated 
as is described under spathic iron-oro (432, 433, 434, 435, 436). 

445. Estimation of Manganese. — Tho filtrate, from which the basic acetates 
of iron and aluminium have been precipitated (438), is neutrali.sed with ammonium 
hydrate. A fair amount of ammonium chloride is then added, and oitlior a slight 
Pxeess of freshly prepared colourless ammonium sulphide is added, or hydrogen 
sulphide is passed into the liquid to saturation. The liquid is now boiled lor ton 
minutes, more of the ammonium sulphide or hydrogen .sulphide is added, and 
the liquid is filtered through a double filter. Tho precipitate is finally washed with 
water containing a little ammonium .sulphide. 

The precipitate of MuS may tlien be treated by either of the following methods ; 
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(a) Dissolve the precipitate in hydrochloric acid, boil off any dissolved hydrogen 
sulphide gas, roprecipitate the manganese as carbonate, and weigh it after 
ignition as Mn^O^ (164). 

(b) A quicker method consists in drying the precipitate of MnS in the steam- 
oven. The precipitate is then removed from the filter as completely as possible 
and placed in a crucible, and the filter is burnt in a platinum spiral (lOl) the ash 
being dro[)i)ed into the crucible. The preci-pitate and ash are then mixed with a 
little sulphur, heated in a current of hydrogen gas (92, 1012, IOI3) until the pre- 
cipitate becomes black, and weighed as MmS. 

446. Calcium, Magnesium, Alkali-metals, Phosphate, Sulphate, and Chloride 
are estimated in the filtrate from the MnS aa is described in paragraphs 
426-430. 


Anat,ysis op Salt-cake. 

447 - Salt-cake, or commercial sodium sulphate, usually contains small 
quantities of insoluble matter, iron, aluminium, calcium, magnesium, and 
chloride. For technical purposes the minor constituents are frequently 
determined directly, and the sodium sulphate is then estimated by difference. 

448. Estimation of Moisture. — Salt-cake rarely contains any appreciable 
amount of moisture, since it has been subjected to a red-beat during its pre- 
paration ; and, moreover, crystallised sodium sulphate loses its water of 
crystalli.sation by prolonged exposure to the air. 

Weigh out 10 grams of the .salt-cake, and heat it in the steam-oven for 
two hours. The loss of weight represents the adherent moisture, 

449. Estimation of Insoluble Matter.— Treat the diiod salt-cake (448) 
with hot water. I'illor, and wash the residue with hot water until it is free 
from soluble sulphate. Dry the residue in the steam-oven, ignite it together 
with the filter (99) at as low a temperature as possible, and weigh the insoluble 
matter. 

Make up the filtrate and washings to 500 c.c. with water, mix well by 
shaking, and use aliquot portions of this solution for the estimations which are 
described below. 

450. Estimation of dissolved Iron and Aluminium.— Measure out 
200 c.c. of the solution (449) into a beaker, and heat the liquid to boiling. 
Add a little ammonium chloride solution, and then sufficient ammonium 
hydrate to make the liquid smell faintly of ammonia after it has been well 
stirred. Filter, wash the precipitate, heat it to redness {99), and weigh the 
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AI2O3 + FcjOj. This precipitate is usually so small in amount that the 
separate estimation of A 1 and of Fe (424) is not necessary. 

451. Estimation of Calcium. — To the hot filtrate (450) add a little 
ammonium oxalate solution, and allow the liquid to stand. Filter, wasli 
the precipitate, ignite it, and weigh as calcium oxide (147)* 

452. Estimation of Magnesium.— Evaporate the filtrate (451) to dryne.s.s 
in a platinum or porcelain dish, and drive off the ammonium salts from the 
residue by ignition. Dis.solve the residue in dilute hydrochloric acid, dilute 
with water, and filter if necessary. 

To the clear solution add ammonium hydrate in moderate excess, then a 
little sodium pho.sphate solution, and allow the liquid to stand for .some hours. 
Filter, wash the precipitate with dilute ammonium hydrate solution, then 
ignite it, and weigh as Mg.2r.2O7 (165)- 

453 . Estimation of Sodium.— Measure 50 c.c. of the original solution 
(449) into a small beaker. Stir it with pure milk of lime, whic h must be added 
until the liquid is distinctly alkaline (428). Boil, filter off the lime with the 
precipitate and wash it twice. Brccipitate the calcium trom the filtrate 
and washings by adding ammonium hydrate in slight excess, then ammonium 
carbonate, and finally a small quantity of ammonium oxalate. Filter, and 
wash the precipitate. 

Transfer the filtrate and washings to a platinum or porcelain di.«h, and 
evaporate the liquid after adding some sulphuric acid. As soon as nearly 
all the liquid is driven off, transfer it to a platinum crucible and continue the 
evaporation to dryness. Ignite and weigh the residual sodium sulphate (170). 

Note . — The percentage of sodium is frequently estimated by difference instead 
of directly, the sum of the percentages of the other constituents of the salt cake 
being subtracted from 100. 

454 - Estimation of Sulphate.— Add to 50 c.c. of the original salt-cake 
solution (449) ^ ^ttle hydrochloric acid, and then barium chloride solution 
in excass. Filter ; wash, dry, and ignite the precipitate, and weigh as BaSOi 

( 133 )* 

455* Estimation of Chloride.— Add to 100 c.c. of the original solution 
( 449 ) ^ 1‘ttle dilute nitric acid. Then add silver nitrate solution in excess. 
Filter ; wash, dry, and ignite the precipitate, and weigh as AgCl (I49). 

For ibe KeBUit* of an Analysis of Salt-cake refer to paragraph 944. 
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Analysis of Silicates, which can be Decomposed by 
Hydroghlouic Acid. 

456. Many natural silicates are com|iletcly decomposed when they are 
heated in a linely powdered condilion for some time with strong hydrochloric 
acid. 

Many arlilicial silicates, such as the slags obtained in smelting iron-ores, 
“ stone-lime,” lias-lime, cements, mortars and cement mortars, are also com- 
pletely decomposed by this treatment. 

Natural silicates of this class usually consist mainly of silicates (^f calcium 
and aluminium, but they may also contain silicatc^s of iron, manganese, 
magnesium, and the alkali-metals. Slags frequently contain in addition 
sul|)hid('s and plios^jhates. 

If the silicate cannot be completely decomposed by hydrochloric acid, 
it must be treated with fused alkaline carbonates (461, 462 et seq.). 

For sjtecial purposes, however, the |)ortion decomposable by acid is Sf.me- 
timos treated as is directed l)elow, and only the matter left undeeomposed by 
acid is subsecpiently treated by the fusion juethod. 

Ccmenls . — In llio examination of eements and of some naturr.l silicates (457- 
459) ft; "ffl usually be necessary to determine the amount of “ soluble silica” 
present as well as the total anvannt of silica. The soluble .silica is that part of the 
total silica which wa.s in combination with bases in the suhstauce, and which after 
separation (457) di bus by being .soluldc in an alkaline solution. 

Mortar and Limr. — In nnaly.sing mortars and lias- or stone-lime, the following 
special procedure should bo adopted. The matter soluble in cold dilute acid is 
first removed by repeatedly .stirring with cold dilute hydrochloric acid containing 
one-tenth its volume of the strong acid: and any n'sidue of sand or “grit” ts 
fdtered off, washed, ignited and weighed. The solution is then treated as is direeb'd 
below. In the case of old mortars and of lias-lirno the “ soluble silica ” should also 
be estimated after evaporation of the acid .solution to dryne.ss (457). 

If the nature of the in.'-oluble matter in the mortar has to be examined, the acid 
li(piids, after standi g for a minute, are poured off tluough a weighed filter and the 
matte is weighed: the “grit” which rapidly settles is then separately filtered 
and weighed : both forms of midksolved matter may now be njicroseojiically 
examined to ascertain their nature and whether the grit particles aie sharp. A 
paper by Dibdin and (Iritnwood on the "Analysis of Mortar” in i\\o Analyat for 
August ISOfi may be considted. 

457. Estimation of the Silica, Total and Soluble.— If the silicate is 
completely decomposable by hydrochloric acid, weigh out accurately from 1 to 
1'5 gram of the finely powdered substance, and heat it with a little strong 
hydrochloric acid in a covered evaporating-dish. As soon as the decomposi- 
tion is complete, evaporate the liquid to dryness on the water-bath, with 
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constant stirring (210), and heat the dish in the air-bath to 150 ® C. for about 
an hour. 

Then treat the residue with hydrochloric acid, and filter olT, wash, and 
weigh tlie silica as is described in [laragraph 210 . This Ls the total silica present 
in the substance. Reserve the filtrate and washings for subsequent use. 

Nole.—A portion of the silica should be heated with hydrofluoric acid in a 
platinutn dish, and the liquid evaporated to dryness. If an appreciable residue 
is left, a fresh portion of the .silicate must be treated a.s is directed in paragraphs 
461, /\62, «ince corn{)lete decomposition has not been effected by the hydrochloric 
acid. 


Soluble Silica. — In order to distinguish bet ween “ soluble silica ” or the 
combined silica which was pre.sent in silicates which have been decomposed by 
the hydrochloric acid, and “iasoluble silica ” which was originally present in 
the free state in the substance, the total silica is now treated in a large platinum 
dish with a moderately strong solution of sodium carbonate for one hour at the 
temperature of boiling water. 'I'hc soluble silica pa.sses into solution and the 
residue of insoluble silica is collected on a filter, washed, ignited and weighed. 
The difference between this weight and that of the total silica is the weight 
of the “ soluble silica,” 


458. Estimation of Iron, Aluminium, and Manganese.— The method 
of procedure dejjends upon whether manganese is present or absent. 

(a) If Manganese is Absent, add to the filtrate from the silica ( 457 )* 
some ammonium chloride solution, and then ammonium hydrate in slight 
e.xcess. Filter off, and wash the precipitate twice with water. Dissolve the 
precipitate in hydrochloric acid, and reprecipitate this solution as is directed 
in paragraph 423. Determine the weight of the precipitate {423), and proceed 
to separate the iron from the aluminium, if necessary, as is directed in para- 
graph 424. 

(b) If Manganese is Present, precipitate the iron and aluminium together 
as basic acetates ( 435 )* determine the manganese in the filtrate (438)* 

459. Calcium, Magnesium, Alkali-metals, and Sulphate are estimated 
as is directed in paragraphs 426-43O. 

Phosphate is estimated as is directed in paragraph 442, and total Sulphur 
by paragraph 479. 

The separation of the silica must precede each of these estimations. 

Por the Reiulta obtained by the Analysis of Lime, Mortar and Cement 
tee paragraphs 94i-Q4«j, 
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Analysis of Insoluble Silicates. 

460. Most of the common silicates, such as felspar, mica, and garnet, 
contain the following metallic constituents : aluminium, iron, calcium, 
magnesium, and the alkali-metals. 

Directions for the analysis of the rarer silicates, such as beryl which 
contains beryllium, and petalite which contains lithium, will be found in special 
treatises. 

Practice in the analysis of an insoluble silicate may be obtained by 
analysing orthoclase or potash-felspar. 

461. Preparation of the Silicate. — Powder very finely about 5 grams 
of potash -felspar in the following way: Fold a small quantity of the mineral 
in a jjicce of brown paper, and strike it sharply with a hammer on an iron 
anvil. This will break the felspar into fragments. Next coarsely powder 
these fragments by means of the percussion-mortar (56) and finally trittirate 
the particles thus obtained in the agate mortar until they are converted into 
an impalpable powder. 

The success of the analysis largely depends upon the careful reduction 
of the substance to the finest powder. The powder can only be considered 
as suitable when it passes entirely through the finest of the brass sieves which 
are mentioned in paragraph 56. 

462. Treatment with Fused Alkaline Carbonates.— Now make a 
fusion in the following way : 

Weigli out accurately about 1‘5 gram of the finely powdeied felspar into 
a j^latinum crucible. Add about six limes its weight of finely powdered 
fusion-mixture, consisting of .sodium and potassium carbonates in molecular 
proportions, and intimately mix these powders by means of a smooth rounded 
glass rod. 

Unless the crucible is a capacious one, it will be found convenient to intro- 
duce the mixture little by little during the process of fusion, since the sub- 
stance usually froths considerably, ; The mixture should never more than half 
fill the crucible. 

Now place the lid on the crucible, and heat it gently over the Bunsen 
flame. Gradually increase the temperature, taking care that no loss arises 
from the frothing which is caused by the evolution of carbon dioxide gas. As 
soon as the mass is fused, the crucible is kept at a bright red-heat (98) for at 
least fifteen minutes until effervescence ceases and the fused mass becomes 
tranquil. 

463* Solution of the Metals. — Allow the crucible to cool just below 
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redness, then place the bottom on an iron plate or in cold water to cause the 
mass to separate from the crucible. Now pour about 100 c.c, of water upon 
it in a deep evaporating-dish or in a shallow beaker, and either boil the water 
for half an hour or let it stand overnight. 

Then add tolerably strong hydrochloric acid gradually, keeping the vessel 
covered with a clock-glass and gently agitating the contents of the beaker 
after each addition of the acid. 

When the effervescence has ceased, and the crucible is free from all adherent 
solid, remove the crucible and its lid by means of a glass rod, and carefully 
rinse them into the main portion of the liquid with a wash-bottle. 

lliis treatment of the fused mass with acid will cause most of the silica 
to separate as a gelatinous mass. 

If any gritty particles are felt when the bottom of the vessel is stirred with a 
gl ss rod, the decomposition of the silicate has been incomplete. This is probably 
due to the orig nal substance not having been sufficiently finely powdered. In 
this case it is usually best to start afresh, taking care th.it all coarse particles have 
been crushed in tlie portion of the powdered mineral which is used for the fusion, 

464. Estimation of Silica.— The acid liquid containing the gelatinous 
silica (463) is then transferred to an evaporating-dish, preferably of platinum, 
and is evaporated to dryness upon the water- bath. As soon as the contents 
.of the dish become thick and pasty, they sliould bo continually stirred with 
a rounded glass rod in order to prevent the formation of lumps (210). 

When all the liquid has been driven off, the contents of the dish will be 
in the state of a fine powder. The dish is now' placed in an air-bath (73f *1)» 
and heated to 150° C. for about an hour, or until no moist ure is deposited upon 
a cold clock-glass when it is placed upon the dish for a few seconds. « 

The dish is then allow ed to cool, and its contents arc moistened with strong 
hydrochloric acid. After it has been allowed to stand for some time it is lieated 
on the water-bath for about half an hour, a small quantity of hydrochloric 
acid being occasionally added. 

Hot water is now added, and the acid liquid is decanted off through a 
filter. This operation is repeated three times, llie silica is finally transferred 
to the filter and washed free from dissolved chloride, and is then dried in the 
steam-oven. 

The precipitate is now transferred to a platinum crucible cautiously, since 
It consists of very light powder which is easily blown away, and the filter-ash 
|is added (lOI). llie crucible is covered with the lid and is heated very gently 
jat first ; the temperature must be only gradually raised, else the escaping 
fsteam may carry some of the fine ligh . powder away with it. The crucible 
18 finally heated to full redness over the Bunsen fiame, and is weighed when 

cold (see Wo/e 1,210). 
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The purity of the silica shoulrl be tested aa is desorihed in paragraph 210 
{Note 2) 

465. Estimation of Iron and Aluminium.— Tlie filtrate from the silica 
(464) mixed with ammonium chloride solution, and then with ammonium 
hydrate in slight excess ; and the iron and aluminium hydroxides, of which 
the precipitate consists, are filtered off and estimated (423). 'fhey may then 
be sej)arated, if necessary, according to the directions in paragraph 424. 

466. Estimation of Calcium. — If the volume of the filtrate (465) i*^ very 
large, evaporate the licpiid down to a convenient bulk. Then add a little 
ammonium hydrate, if necessary, to render the licpiid alkaline, and then a 
slight excess of ammonium oxalate. Allow the liquid to stand; then filter, 
and weigh the calcium as oxide after ignition (147)* 

467. Estimation of Magnesium. —Evaporate the filtrate and washings 
fiom the calcium oxalate precipitate (466) dryness, ignite the residue, dis- 
solve it in dilute HCl, arul eslirnate the raagnosium as is described in para- 
graph 427. 

468. Estimation of the Alkali-metals.— Since the silicate has been 
treated with sodium and potassium carbonates, the alkali-metals canni^t be 
estimated in the filtrate from the magnesium (467)- ^ separate jiortion of the 
felspar must accordingly be used for the determination of the alkali-metals. 

Weigh accurately about 1*5 gram of the finely powdered felspar into 
a platinum crucible. Mix this intimately with T 5 gram of pure recry.stalliscd 
ammonium chloride (107) a-nd 9 grams of pure calcium carbonate (I09)- 
, Now heat the crucible over a small Bunsen flame for about fifteen minutes, 
and then maintain the temperature at dull redness for an hour. Or inclose 
fhe crucible in a clay crucible containing a little calcined magnesia or lime 
at the bottom and round the sides, and heat it in a gas-furnace. 

Place the cold platinum crucible in hot water in a covered platinum or 
porcelain dish, and boil for a time. This will dissolve out the alkaline chlorides 
together with some calcium hydrate. Filter, wash, and mix the filtrate and 
washings with ammonium hydrate and ammonium carbonate solutions in 
excess, and then with a few drops of ammonium oxalate solution. Allow the 
li(]uid to stand, filter into a platinum or porcelain dish, evaporate the filtrate 
to dryness, and heat the residue short of redness, but sufficiently strongly to 
drive off the ammoniacal compounds. 

Dissolve the residue in water, and add a few drops of ammonium hydrate 
and ammonium oxalate solutions in order to precipitate any trace of calcium 
which may still remain in the solution. Filter, add a few drops of HCI to the 
filtrate, and evaporate it to dryness in a weighed dish. Ignite the residue 
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gently, and weigh it, repeating the ignition until the weight is constant. 
The weight of the residue gives the weight of tlie potassium and .sodium 
chlorides. 

Dissolve the residue in water ; and either e.stiinate the pota.ssium chloride 
an<l lind the w-eight of lltc .sodium chloride hy clilTerenec (429, a) ; or determine 
tlie total chlorine gravimetrically (I49) volumetrically ( 373 )> and caleul!i(o 
the weigliLs of the chlorides (429, b)- 

The weights of the o.xides corresponding to those of the chlorides found are 
then calculated. 

Note .. — When very arciiratc results are required, and the proportion of alk.ali- 
nu'tals present is small, it is essential to carry out a Blank determination as is 
directed above in which no mincial is usisl, and to subtract tlje amount of alkuli- 
nietal thins found from the re.sult obtained in the analysi.s of a mineral. 

For the Results of Analysis of Portland Cement and Felspar refer to para 

graphs 945, 946. 


Analysis of Olass. 

469- Olass consi,sts e.sscniially of the same const it uenLs as most of the 
natui'al insoluble silicates (460). Common gla.ss is miiinly conqmsed of silicates 
of sodium and calcium, but it may also contain aluminium, iron, manganese, 
and potassium. In flint gla.s.s the calcium is replaced by lead. 

The analy.sis of glass is carried out in the same way a.s the analysis of 
felspar (461 -468). If, how-ever, lead or manganese is pre.sent, the following 
special procedure i,s necessary: 

Separate the silica as is described in paragraph 464. Tlien precipitate 
the lead by passing hydrogen snlphide through the ai'id filtrate from the 
silica. Filter olT, wash and dry the lead .sul|)hide, and convert it into lead 
sulphate by heating it with strong nitric acid and adding a little dilute sul- 
[)hurie acid. Dilute, filter, and ignite and weigh the (161). 

Boil the lilt rate from the PbS until the excess of hydrogen sulphide is 
removed ; then boil after adding a few drops of .strong UNOg, and precipitate 
the iron and aluminium as basic acetates (435), separating them, if neei'ssary, 
a-s is described in paragraphs 424, 436- 

Precipitate the manganese as hydrated peroxide, by adding bromine- 
water in excess and then ammonium hydiato in exee-ss and boiling. Filter 

the precipitate, ignite it, and weigh as ]\rn304 (438). 

Then estimate the calcium and magnesium in the filtrate, as is directed 
in paragraphs 439, 440. 
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The alkali-uietala must be estimated in a separate portion of the glass, 
according to the directions given in paragraph 468- 

For the Results of an Analysis of Glass refer to paragraph 9474 


Analysis of Zinc-blendb. 

470 . Zinc-blende consists essentially of zinc sulphide, which is, however, 
commonly associated with galena or lead sulphide, and occasionally with 
calamine or zinc carbonate. The ore may also contain iron, aluminium, 
manganese, copper, and cadmium. 

471* Estimation of Moisture. — The moisture is usually adherent only, 
and is not combined. 

Weigh out accurately about 1*5 gram of the finely powdered ore into 
the watch-glasses and clip, and heat this in the steam-oven until the weight 
becomes constant. The loss gives the amount of moisture. 

472. Solution of the Ore.- Transfer the dried ore (471) to a 600 c.c. 
beaker, covered with a clock-glass. Then add a little strong hydrochloric acid 
and heat gently for some time covering the beaker with a clock-glass, since 
effervescence will take place if carbonate is present. 

As soon as hydrogen sulphide ceases to be evolved, add more strong hydro- 
chloric acid and about an equal volume of nitric acid ; and when the ore is 
completely dissolved, transfer the liquid to a porcelain dish and evaporate 
it to dryness on the water-bath. 

473. Estimation of Silicious Matter and Lead.— Heat the residue for 
some time in the air-bath at 150° C. in order to render the silica insoluble. 
Then moisten the dry residue with strong hydrochloric acid, and dilute with 
a little water. Next add a few c.c. of strong sulphuric acid, and heat gently on 
the sand-bath until the hydrochloric and nitric acids are removed and wdiite 
fumes of sulphuric acid are seen. Again dilute with water and filter, washing 
the residue on the filter with water containing a few drops of sulphuric acid, 
and finally with methylated spirit until all the acid is removed. Add the 
first washings to the filtrate and keep this liquid for paragraph 474? f>i*t reject 
the alcoholic washings. 

Tire residue on the filter consists of gangue or earthy matter, silica, and 
lead sulphate ; dry it in the steam -oven, then ignite it apart from the filter 
(I 0 I-I 05 )» weigh after converting any lead, which has been reduced by 
the incineration of the filter, into sulphate (161). 
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Dissolve out the lead sulphate from this residue by boiling it with ammonium 
acetate solution made alkaline with ammonium hydrate. Repeat this treat- 
ment with fresh portions of the solvent until no lead can be detected in a drop 
of the acetate solution, when it is tested with ammonium sulphide. Agaio 
dry the residue, then ignite (99) and weigh it as silicious matter. 

The loss of weight which the residue has sulfered by being treated with 
the ammonium acetate solution represents the amount of lead sulphate which 
it contained. 

474 . Estimation of Copper. — To the filtrate from the first residue (473) 
add a little dilute hydrochloric acid, and saturate the liquid with hydrogen 
gulpliide. Then filter at once, keeping the funnel covered with a glass plate, 
and washing rapidly with water containing a little hydrogen sulphide. These 
precautions are necessary in order to prevent the oxidation of the CuS into 
soluble CuSOj by exposure to the air. The filtrate and washings should be 
again tested with hydrogen sulphide, in order to make sure that no copper 
remains in solution. 

If cadmium is not to be estimated ( 475 ) copper is at once converted 
into cuprous sulphide, CujS, and weighed as such. For this purpose the 
precipitate is dried in the steam -oven. The filter is burnt by itself in a Rose’s 
crucible (92), the precipitate is added to the filtor-ash, and some powdered 
redistilled sulphur is also mixed with the precipitate. This mixture is then 
heated in a current of hydrogen ( 1012 , IOI3) as long as sulphur vapour escapes, 
and the residue of CujS is allowed to cool in the stream of hydrogen, and is 
weighed (496). 

475* Estimation of Cadmium. — it any cadmium is present in the ore, 
the precipitate obtained by hydrogen sulphide (474) ''ill contain both CuS 
and CdS. This precipitate is boiled with dilute sulphuric acid in order to 
dissolve out the CdS, and the copper, which remains as sulphide, is estimated 
as is described above. The acid filtrate, containing the cadmium, is neutra- 
lised with ammonium hydrate, and the cadmium is precipitated as sulphide 
by passing hydrogen sulphide gas. The CdS is then estimated as is described 
in paragraph 192. 

476 . Estimation of Iron. — Boil the filtrate from the CuS (474) 
hydrogen sulphide is removed, and then add barium chloride solution in 
sufficient quantity to precipitate the whole of the sulphate present. 

Ihe removal of sulphate is necessary in order to prevent the subsequent precipi- 
tation of basic ferric sulphate with the basic ferric acetate. The basic ferric sulphate 
precipitate is with difficulty converted completely into Fej05 by ignition. 

Filter, and add ammonium carbonate solution to the filtrate, drop by drop, 
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until a very faint turbidity remains after the liquid has been well stirred, and 
boil after adding ammonium acetate solution containing a little free acetic 

(435)* 

Filter the boiling liquid, using the funnel-jacket (Fig. 66, p. 65) ; then 
wash the precipitate twice, and dissolve it in hydrochloric acid. Add 
ammonium carbonate in slight excess and reprecipitate the iron willi 
ammonium acetate as is described above. Filter, wash, dry, and ignite the 
precipitate (99), and weigli the iron as FcjOj. 

The above donl)le precipitation is necess,T,ry in order to remove snuill 
quantities of zinc and manganese which ai-o precipitated with the iron. 

477. Estimation of Manganese.— Mix together the fdtrates and wash- 
ings (476), which contain both the manganese and the zinc, and treat the 
liquid with a little bromine-water ; then add excess of ammonium hydrati', 
and boil. Filter off the precipitate; wash, dry, and ignite it, and weigli as 
MnaO^. 

478. Estimation of Zinc.™ Mix together the fi If rate and wash- 
ings (477)’ 'vhich oonlain fho zinc, and treat the liquid in one of the three 
following ways (a, b, c) : 

(a) Make the liquid up to a known volume, and titrate either with 
potassium ferrocyanide (378), or with sodium sulphide solution (379)- 

(b) Precipitate the zinc as sulphide by adding a sligiit excess of colourless 
ammonium sulphide, and weigh it as ZnS ( 509 , a). 

(c) Instead of weighing the ZnS (b), dissolve it in hydrochloric acid, boil 
the solution until it no longer evolves HgS, precipitate the zinc as carbonate, 
and weigh it as oxide (163)- 

479. Estimation of Sulphur, — Weigh out accurately about 1 gram of the 
finely powdered <710 into a platinum or nickel crucible, and mix this int imately 
with six times its wmght of finely powdered sodium peroxide free from metallic 
sodium (I4I). Then heat the crucrible over a small Bunsen flame, gradually 
raising the temperature until the mass fuses, and maintaining the substance 
in a fused condition for several minutes. 

Extract the cold mass with water, and remove lead, if it is present, by 
acidifying the solution wdth nitric acid and boiling with excess of sodium 
carbonate solution. Filter, wash the residue, acidify the filtrate and washings 
with dilute hydrochloric acid and estimate the sulphur as BaS 04 (133)* 

The method of treatment with strong nitric acid and bromine, which is 
described in paragraph 142, may replace the above treatment with sodium 
peroxide. 
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ZINC-BLENDE, GALENA. 

480. Estimation of Carbon Dioxide.— If carbonate is present 4 grams 
of the finely powdered ore are heated with dilute sul[)huric acid, in which some 
chromic anhydride (527) ha's been dissolved: and the carbon dioxide, which 
is evolved, is absorbed and weighed (175)- ^.’he carbon dioxide should bubble 

through some solution of chromic acid before it passes into the absorption 
tubes. 

The use of chromic acid and anhydride prevents the evolution of HjS 
and its absorption by the soda-lime. 

For the Results of an Analysis of Zinc-blende irfcr to paragraph 948. 


An.alysls of Galena. 

481. Galena consists essentially of lead sulphidf^ ; but it may n!?o contain 
silicious matter, silver, copper, antimony, and zinc. 

The estimation of the percentage of silver is fre(|ucntly of great importance. 
The amount is not usually sulliciently great to be accurately estimated by 
precipitation (484)> and should be found by means of the dry assay methods 

(572 577 )' 

482. Estimation of Moisture.— The moi^tul•e [)rcsent in galena is hygro- 
scopic, and is usually small in amount. Weigh out accurately about Tf) 
gram of the finely powdered ore, and heat it in the steam-oven until its weight 
becomes constant. The loss of weight reju'cscnts the moisture. 

483. Estimation of Silicious Matter and Lead.— Heat the dry ore 
(482) with strong nitric acid. This operation is be.st performed in a 300 c.c. 
tlask, in the neck of which a .small funnel has been placed (Fig. 34 , p. 36 ). As 
soon as the evolution of red fumes eea.ses, allow the contents of the tlask to 
cool, add about 1 c.o. of bromine, and warm the liquid until all the sulphur 
is oxidised and the lead is converted into lead sulphate. 

Now add a small quantity of sulphuric acid and evaporate the liquid, 
together with the undissolved matter, in a dish. Then heat the residue on 
the sand-bath, until dense white fumes of sulphuric acid are evolved. 'Ibis 
will render the silica insoluble. Dilute with water, filter, wash the residue with 
Water containing sulphuric acid, using as little washing-water as possible, and 
licep the filtrate and washings after mixing them together. Finally wash the 
residue further with methylated spirit until all the acid is removed, and reject 
the alcoholic washings. 

Ignite the residue apart from the filter (IOI-IO5) in a porcelain crucible, 
ihen add the filter-ash, and weigh. Now dissolve away the lead sulphate 



240 


GENERAL ANALYSTS. 


[ 484 - 4 ^ 7 , 


from the gangue by tneans of alkaline ammonium acetate solution, as is 
described in paragraph 473, and weigh the residue of silica. The weight of the 
lead sulphate is found by difference. 


484. Estimation of Silver.— To the filtrate from the silica and load {483) 
add a few drops of hydrochloric acid, and allow the liquid to stand in a warm 
place for several hours. Filter, wash the silver chloride precipitate, and 
determine its weight (158). 

Other methods for estimating the silver are given in paragraphs 372 and 375. 
It the quantity of silver chloride obtained is too small to be ocenrately weighed, the 
weight of the ore which is used for tliis particular determination must be increased : 
but it is preferable to estimate the silver together with the lead by the dry assay 
methods (572-577). 

A percentage of silver as low as ODOl may be profitably extracted from galena, 
hence great care must be taken to determine accurately even minute amounts of 
silver in this ore 


485. Estimation of Copper.— Into the filtrate from the silver chloride 
(48^) pass hydrogen sulphide gas to saturation. Allow tlie liquid to stand, 
and filt(‘r off the precipitated sulphides of copper and antimony. Wash the 
precipitate with water containing hydrogen sulphide as expeditiously as 
possible, taking care to cover the funnel with a glass plate so as not to expose 
the precipitate unnecessarily to oxidation by the atmosphere. Keep the filt rate 
and washings. 

Digest the preeijoitate on the water-bath for half an hour with sodium 
sulphide solution, prepared as is directed in paragraph 379, theii add water and 
filter. Ammonium sulphide cannot be used, since CnS is slightly soluble in 
this reagent. The residual precipitate left upon the filter consists of copper 
sulphide ; this is converted into CujS (496), and the copper is weighed as such. 

486. Estimation of Antimony. — ^The sodium sulphide filtrate will contain 
the antimony. Acidify the solution with hydrochloric acid and saturate it 
with HjS : then filter off the antimony sulphide, convert it into Sb204 (198), 
and weigh the antimony as suoh. 

487* Estimation of Iron and Aluminixun, — Boil off the hydrogen sulphids 
from th (3 filtrate and washings (485), add a few drops of nitric acid to convert 
the iron into the ferric state, then add ammonium chloride solution and a 
slight excess of ammonium hydrate. Filter, wash the precipitate twice, 
redissolve it in hydrochloric acid, and precipitate this solution again with 
ammonium hydrate. Filter off the precipitate, dry and ignite it, and weigh 
as Fej03 + AI2O3. The two filtrates and washings are mixed together and^ 
are used as in the following paragraph. 
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• 488. Estimation of Zinc.— To (he hot filtrate add a slight excess of freshly 
prepared colourless ammonium 8uli)hide, boil, and estimate the Zn as ZnS 

(509, a). 

489. Estimation of Sulphur.— Weigh out accurately 1 gram of the finely 
powtlered galena, fuse it with sodium peroxide {479), and estimate the sulphur 
as BaSOi. 

For the Results of an Analysis of Galena refer to paragrai»!i 949, 


Analysis of Copper-pyrites. 

Copper-pyrites is the most common ore of copper. It consists essen- 
tially of a double sulphide of cof)per and iron, having the formula CuFeSj. 
The ore, however, usually oontaius silicious matter and small quantities of 
lead, bismuth, arsenic, antimony, niangano.se, and /.inc, and (jccasionally 
nickel and cobalt. 

A (pialitative analysis of the ore should always prcc<'de the quantitative 
estimations. 

490* Estimation of Moisture.— The finely |»owderccl f)yi ites is heated in 
steam-oven until its weight becomes constlmt ; the lo.ss of weight represents 
the moistiire. 

491. Estimation of Insoluble Matter. -Weigh out accurately about 
1 gram of the ore into a porcelain evaporating-dish. Pour upon it a mixture 
of 3 parts of nitric acid and 1 part of hydrochloric acid, cover the dish with an 
inverted funnel to prevent loss by spirting, and heat it on the water-bath. 
As soon as all the sulphur, whicli separates out at first, is di.ssolved, evaporate 
to dryness twice with HCl in order to remove (he HNO3 and to render the 
silica insoluble. 

Moisten the residue with strong HCl, then add water and heat, and 
filter off and wash the residue, reserving the solution and washings for 492. 
The residue will consist of silica and ganguo, and will probably contain some 
load sulpliate. Dissolve away the latter with alkaline ammonium acetate 
solution (473), rejecting the solution. Then wash, dry, ignite (99) and weigh 
the residue. 

492. Estimation of Sulphur. — One of the following methods a, b) 
way be used. 

(a) Add to the filtrate (491)8, little tartaric acid to prevent the precipita- 

16 
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tion of iron and aluminium, heat it to boiling, precipitate the sulphate with 
barium chloride, and filter off, wash and weigh the BaSO^ (133). 

(b) A more rapid method of estimating the sulphur consists in treating 1 
gram of the finely powdered ore with fused sodium peroxide (I4I), or with 
strong nitric acid and bromine (I42), as is described in paragraph 479 * 

493. Estimation of Copper, Lead, Arsenic, and Antimony in the 
hydrogen sulphide precipitate. 

Dissolve 2 grams of the powdered ore in red fuming nitric acid, of 1-5 
specific gravity ; add a few c.c. of strong sulphuric acid, and evaporate until 
dense white fumes appear. Treat the residue witn hydroehlnrio acid, then 
add water and allow it to stand, li’ilter off and wash t he residue, and estimate 
the lead sulphate as is dii-eeted in paragr*aph 473, adding the PbS04 found to 
that found below. 

Pass hydrogen sulphide through the filtrate to saturation until the 
sulphides of copper, lead, aisenic, and antimony are precipitated. Then filter, 
pass HgS again through the boiling filtrate, and pour it once more through the 
filter if necessary. Wash the precipitate with water containing hydrogen 
sulphide, and reserve the filtrate and washings for paragraph 494. 

Arsenic and Antimony, — Heat the sulphide precipitate with sodium 
sulphide solution (379) order to dissolve the sulphides of antimony and 
arsenic, then dilute and filter, reserving the residue of PbS and CuS. 

Acidify the filtrate with HCl, pass HgS and filter. Dissolve the sulphides, 
thus precipitated, by heating them with HCl and a little KCIO,. Add solutions 
of tartaric acid and of AmCl in order to keep the Sb in solution, and then add 
excess of AmHO. No precipitate will form, if sufficient HuT and AmCl havr- 
been added. Now add magnesia mixture (167)* filter off, and weigh the As 
as MgjAsaO, {169). 

Acidify the filtrate from the arsenate, and precipitate the Sb ns sulphide 
by passing hydrogen sulphide; then convert the sulphide into Sb^jO^ (198), 
and weigh the oxide. 

Lead.— Dissolve the copper and load sulphides, which remained after 
extraction with sodium sulphide solution, in nitric acid. Evaporate the solu- 
tion nearly to dryness, dilute with water, add a few drops of dilute sulphuric 
acid, and allow the liquid to stand. Filter, and wash the lead sulphate with 
a little ||;ater acidified with sulphuric acid, keeping the filtrate and washings. 
Finally wash out the acid from the filter with methylated spirit, rejecting the 
washings. Then ignite and weigh the PbS04 {161), add this to the weight 
found in the residue above, and calculate the weight of lead present in the ore. 

Copper, —Precipitate the copper in the filtrate from the PbSO^ by sodium 
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hydrate, and estiraato it as CuO (126) ; or better precipitate it as CuS by 
hydrogen sulphide and weigh it as CujS (496). 

494. Estimation of Iron, Manganese, and Zinc.— Oxidise the original 
hydrogen sulphide filtrate (493) by heating it with a little nitric acid, and 
precipitate and estimate themetals as is directed under zinc-blende (476-478)* 

For the Results of an Analysis of Copper pyrites refer to paragraph 950. 


Analysis of Brass. 

495. Brass is an alloy consisting mainly of copper and zinc, but small 
quantities of lead and iron are usually present. 

Preparation of the Sample . — The sample for analysis should bo removed 
with a drill, since if a file is employed its teeth are apt to bo broken off and to 
increase the proportion of iron in the filings. 

Solution of the Alloy . — Dissolve 2 grams of the metal in 10 0.0. of nitric acid, 
of 1*42 specific gravity, in a lipped beaker covered with a clock-glass. When 
all action has ceased remove and rinse the clock-glass, add 10 c.c. of strong 
sulphuric acid, and evaporate until white sulphuric acid fumes are evolved. 
Then cool, dilute with cold water to 160 c.o., filter off the PbSO, and weigh 
it if it is sufficient in quantity (498), and dilute the filtrate to 600 c.o. 

496. Estimation of Copper as CujS.— To 260 c.c. of this solution, which 
correspond to 1 gram of the alloy, add 40 c.c. of hydrochloric acid of 1*1 specific 
gravity ; then dilute with boiling water to about 600 c.o. in a large beaker, 
pass HjS through the boiling liquid for half an hour, and filter, washing the 
precipitate four times with warm H.^S water. 

Remove the precipi^te to a porcelain dish, and dissolve it in nitric acid 
to which a little bromine has been added, keeping the dish covered. Then 
remove the excess of nitric acid and bromine by evaporation over a steam- 
bath. Dissolve the residue in 40 c.c. of hydrochloric acid of 1 *1 specific gravity, 
transfer the solution to the beaker, dilute with hot water to about 600 0.0. 
and roprecipitate the copper with HjS. 

This double precipitation of the copper is necessary in order to separate a small 
quantity of ZnS which is at first precipitated with the CuS. 

Filter, and wash the precipitate with HjS water until the washings, after 
being freed from HjS by boiling, give no milkiness with silver nitrate solution. 
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Eslirnatwn of Cu as Cu^S. — Dry the precipitate of CuS and detach it from 
the filter, burn the filter in a Rose crucible (92), then add tlio precipitate 
together with a little powdered redistilled sulphur, cover the crucible with the 
lid and tube, and pass a gentle stream of pure dry hydrogen (1012, IOI3)' 

Heat the crucible gently until the flame of burning sulphur has nearly 
disappeared, then raise the temperature to full redness, and finally ignite 
strongly (98) for about five minutes. I^t the residue cool in the stream of 
hydrogen until (he crucible can be handled with comfort, then allow it to 
cool completely in the desiccator and weigh it. Now add a little more pure 
sulphur and repeat the ignition in hydrogen until the weight is constant. 

From the weight of CugS thus obtained, the percentage of Cu in the alloy 
is calculated. 

An Alternative Method of <letcniiiiuhg the cop[»cr is to precipitate it as 
cuprous thiocyanate ( 408 ) from 60 c.c. of the origitinl solution of the alloy (495)- 
See also paragraphs 396 , 397 . 

497. Estimation of Zinc. — Boil down the two filli'alos and the washings 
from the CuS precipitate (496) in a largo basin until all the hydrochloric acid 
is expelled, and sulphuric acid is the only free acid remaining. Dilute with 
water to about 300 c.c., add a solution of pure sodium hydrate until the acid 
is nearly neutralised, then add pure solid sodium carbonate in (wcess and 
boil. 

Filter ofl the [uecipitate of ZnCO^ and FcfOH)^, and w'asb it with boiling 
water until the washings give no trace of cloudiness with barium chloride 
solution even after standing. Dry the precipitate, and ignite and weigh 
as ZnO (163) and Fe/tg. 

The weight of ZnO is subsequently found by deducting from this weight 
the w eight of FcgOg found in 499, and the percentage of Zn in 1 he alloy is then 
calculated. 


498. Estimation of Lead.- Dissolve 5 grams of the alloy in 20 c.o. of nitric 
acid of 1 ’42 specific gravity, stir in gradually 1.6 c.c. of concontiatcfl sulphuric 
acid, and evaporate the liquid with constant stirring until w hite sulphuric acid 
fumes are copiously evolved. Cool the residue, dilute it with cold water to 
about 22.5 c.c., and stir until all is di8.solved except rbSO^. Filter, and wash 
with water containing a little sulphuric acid until the copper is removed, 
reserving the filtrate and washings. Then wash out the acid from the filter 
with alcohol, rejecting the alcoholic w'ashings. 

Fina% dry, ignite, and weigh the PhS04 (161), and from this calculate the 
percentage of I*b in the alloy. 

499. Estimation of Iron. —Add to the filtrate and the washings from 
498 ft large excess of ammonia, and filter. Wash with water containing 
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ammonia until the vvasliings cease to bo blue. Dissolve tbe ptocipitate in (he 
lillei wit li hydroclilonc acid, and wash the filter with cold water. Then dilute 
the solut ion and washings to about 200 c.c., add ammonia Sf»Iution to the cold 
liquid until it is neaily neutralised, but no permanent precipitate is formed. 

Now add some ammonium acetate, boil and filter, using the same filter 
as before, and wash the preciifitate. Again dksolve the ])recij)itate in hydro 
chlotic acid, and precipitate the ferric hydrate by adding ammonia solution. 
1'his reiirecipitation is necessary in order to remove zinc from the ferric 
hydrate. 

Finally filter ; then wash the {U'ecipitate, dry and ignite it, and weigh as 
Fepa (129). Fiom this weight calculate the percentage of Fe in the alloy. 
For the Results of an Analysis of Brass ndcr to paragrapii 951. 


Analy.sis ok Alloys contain in(^ Tin .and Antimony. 

Ihonze is an alloy consisting chictly <.f copper and tin, but other metals 
may be prc'sent as well. 

Tyi)e-metal and the various antifriction metals consist mainly of lead, 
antimony, and tin, and may also coniaiu copper and traces of iron. 

Solder and pewter are alloys of (in ami lead, in whicfii traces of antimony, 
arsenic and copper may be pre.sent. 

Note.— Provision is made in |)aragraphs 500 503 for the complete gravimetric 
analysis of these alloys, but this is a tcdh.us pn^'css owing to the ditficiiltv in 
filtering oti the procipitatod tin sulphide. 

Paragrajilis 504, 505 provide for a much more rapid volumetric ostimution of 
tin and of antimony. 

500. Precipitation with Hydrogen Sulphide.— Dissolve 1 gram of the 
alloy in aqua regia, add 10 graims of pure tartaric acid dissolved in a little hot 
water, and make the solution alkaline by (he addition of pure sodium hydiato 
solution. 

Pour this liquid into a basin eontnining :i(» grams of the jmre sodium 
hydrate dis.solved in about 500 c.c. of waiter. H ?at the liquid until it boils 
gently, and pass a rapid stream of IT^S until the liquid is saturated, keeping 
the basin covered with a perforalud gla.ss plate. Filter, wash the jirccipitate 
with hot dilute sodium sulphide solution (379), and then once with boiling 
water. Reserve the filtrate and washings for paragraph 502, and timt the 
precipitate as follows (501). 


501. Eatimation of Lead, Copper, Zinc, and Iron.— Dissolve the pr^ 
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cipitated sulphides ( 500 ) in nitric acid, evaporate until the liquid becomes 
syrupy, dilute with water, filter off any trace of SnOg which may have been 
originally precipitated as sulpliide by HjS, and reserve this precipitate to bo 
added to the main quantity of SnS. 

Assuming that the filtrate contains lead, copper, zinc, and traces of iron, 
these metals may be estimated by evaporating with sulphuric acid to separate 
lead (498), then precipitating the copper from the filtrate with H 2 S (496), 
thiowing down the zinc and iron with sodium carbonate ( 497 )> estimating 
the ii'on separately (499). 

502 . Estimation of Antimony, — Make the alkaline filtrate ( 500 ) distinctly 
acid with hydrochloric acid, which must be added cautiously and with con- 
tinual stirring, and allovfr tlic liquid to stand at a gentle heat until the preci{)i- 
tatc has completely separated. Filter, and wash the precipitate four times 
with cold H 2 S water, letting the washing- water drain away completely each 
time. Add a little NaCl to the water used for washing, if the precipitate 
shows any tendency to pass through the fitter. 

Now remove the precipitate from the filter by means of a platinum spatula 
into a porcelain basin, using hot hydrochloric acid to dissolve off the traces 
which adhere to the paper. Pour some more hydrochloric acid into the basin, 
then cover it and heat gently, adding occasionally a small crystal of potassium 
chlorate, seven parts of the chlorate being used for one part of tin or of 
antimony {Note). Ihjil the liquid gently to expel clilorine, remove the cover, 
rinsing it Into the dish, filter into a flat porcelain dish and evaporate to about 
6 c.c. 

Add a clear hot solution containing 20 grams of pure oxalic acid, transfer 
the liquid to a tall beaker, dilute witli boiling water to 300 c.c., and pass a 
rapid current of through the boiling solution until the Sb^Sj has com- 
pletely separated. This usually requires about twenty minutes. Filter at 
once througli a v eicned filter-] >aper, w-ash the SbaSg thoroughly with hot water, 
and dry it. Reserve the filtrate and washings for the estimation of tin {503)' 

Digest the dry filter and preci])itate in some {)Uro carbon di8ul])hide, 
contained in a very small beaker, in order to dissolve out free sulphur (193). 
Then place the filter in a funnel and wash it witli CSj. Dry the filter and its 
contents at a gentle heat, and then at 130° C. until the weight is constant, 
referring to paragraph 87 for a method which avoids charring the filter. 

From the weight of thus obtained, calculate the percentage of Sb 
in the alloy. 

Aofe. -The KClOj is added to form double chlorides of K with Sn and Sb which 
are not decomposed by evaporation, the loss of'SnCl^ and SbClj, during evaporation 
is thus prevented 

503. Estimation of Tin.— -Before the tin is precipitated from the filtrate 
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(502) it is necessary to destroy the oxalic acid. For this purpose transfer 
the liquid to a largo porcelain basin, add hydrochloric acid in excess, heat, 
cover the basin, and add solid KMn04 by degrees until a small precipitate of 
MnOj remains which does not dissolve on boiling even when more hydrochloric 
acid is added. Redissolvo the MnOj by adding a few drops of FeSO , solution, 
then pour the clear hot solution into a flask and pass IIoS to precipitate the 
tin. 

Allow the precipitate to settle, syphon off the clear liquid, collect the 
precipitate on a filter, and wash it with HjS water containing a little ammo- 
nium nitrate. After this precipitate, consisting of SnS mixed with S, has been 
thoroughly washed, dry it, and add to it any SnOg which has been previously 
obtained (5OI). Then convert the whole by ignition in an open crucible into 
SnOj (201), and weigh this. 

From the weight of SnOj thus obtained, the percentage of Sn in the alloy 
is calculated. 

For Results of Analyses of Bronse, Tsrpe-metal and White-metal refer to 
paragraphs 952, 953, 954. 


Volumetric Estimation of Tin and of Antimony in Alloys. 

504^ Estimation of Tin. — This metal is estimated by titration with ferric 
chloride solution in a solution rendered strongly acid with hydrochloric acid. 

Simple alloys, like solder and pewter, which contain only traces of arsenic, 
antimony, and copper, may be dissolved by heating them with strong HCi, 
and the solution may be at once titrated : but alloys wliich contain the above 
three metals in some quantity, such as antifriction metals, must bo first 
dissolved, and the tin must then be precipitated as metal from the solution 
and redissolved in hydrochloric acid for the titration. 

It is obvious that suitable precautions must be taken to prevent contact 
with atmospheric oxygen during the process of solution and of titration : 
his may be most easily secured by passing a continuous stream of carbon 
dioxide through the flask in which the processes are carried out, 

Tht Standard Ferric Chloride Solution is most conveniently prepared by 
dissolving about 180 grams of the yellow lump salt, which consists approxi- 
mately of FcClg-AHjO, in 200 c.c. of strong hydrochloric acid, and 
evaporating the solution just to dryness in order to remove nitric acid 
and arsenic. The residue is then dissolved in 300 c.c, of strong hydroohlorio 
acid and the solution is diluted to two litres. 1 0.0. of this solution roughly 
corresponds to 0*02 gram of tin. 
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The solution is standardised by titrating it with a solution of 1 gram of 
pure tin in hydrochloric acid, prepared by the process which is described 
below for dissolving the alloy (a). 

The procedure with an alloy will depend upon whether it is completely 
soluble in boiling strong hydrochloric acid (a), or is not completely dissolved 
by that acid (b). 

(a) The Alloy is completely soluble in Boiling Strong HOI. - - One 
gram or more of the alloy, in the form of filings or fine turnings, is weighed 
exactly and is placed in a 250 c.c. flask fitted with two tubes in a rubber 
stopper, by means of which a constant stream of carbon dioxide is passed 
tlirough it. 200 c.c. of strong hydrochloric acid are then introduced, and the 
flask is healed until the alloy is completely dissolved ; the boiling liquid ia 
then litrated rapidly with the above standard ferric chloride solution, the con- 
clusion of the process being indicabid by the appearance of a permanent 
yellow colour in the liquid. 

It is important (liat the liquid .should be kept as hot as possible during tlie 
titration, since the reaction then proceeds more quickly and the colour indica- 
tion is also much more delicate at the conclusion, one drop of the ferric 
solution su dicing to produce the yellow tint. The coloration can only bo 
seen by daylight or white light. 

Note . — The presence of the chlorides of load, /.iiio, aluminium, cobalt, nickel, 
cadmium, or of ferrous, autimoniou.sor cuprous chloride docs not ulfect the quantity 
of ferric chloride used in the titration, although the presence of ferrous chloride 
iji any quantity somewhat retards the process and diminishes the d(‘licacy of the 
final colour indication. 


(b) The Alloy does not Dissolve Completely in Boiling Hydro- 
chloric Acid, but a Black Powder Remains.-— The black residue consists 
of antimony, copper and arsenic, and contains a small amount of occluded tin. 

If the amount of the jcsidue does not exceed 6 per cent, of the alloy, a 
close approximation may bo made in the estimation of the tin by dissolving 
it out of the alloy as is directed under (a), and then carefully titrating the 
decanted clear liquid together with the washings of the black residue with 
hot hydrochloric acid, with ferric chloride as under (a) ; but a more accurate 
result may be obtained by proceeding as follows. 

From 1 to 2 grams of tho alloy are accurately weighed and boiled gently 
with from 50 to 76 c.c. of hydrochloric acid in a 250 c.c. flask until action ceases, 
when most of the tin and load will have passed into solution. The solution 
is then made complete by adding gradually a saturated solution of KCIO3. 
All chlorous fumes are then removed by further heating, and a bunch of about 
5 to 10 grams of fine piano- wire is added. If the liquid is kept hot the solution 
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of the iron is very rapkl, and the quickly becomes decoloriscxl, while 

the antimony and coj)|)cr arc also precipitated. 

The last traces of antinmny arc then ju-ecipitaled t<^ether with the arsenic 
1)V dropping in a tliin strip of coi)per and heating, the heating being dis- 
continued as soon as a small additional scrap of Cu remains bright when it 
is placed in the liquid. 

The liquifl is now diluted with about 40 c.c, of hot, boilotl water, then 
boiled, and filtered as rapidly as possible into another 250 c.c. llaslc, covering 
the black preciiutate as far as possible from the air, and the bask and lilter- 
jiaper are washed once with hot dilute IK'l. 

The clear solution in the flask contains all the ( in, and this is at once com- 
pletely precipitated by the addition of sullicicnt thin strii^ of pure zinc, to 
completely neutralise the liquid and to remain in excess. As soon as thc' 
action ceases, a little of the clear li(piid is poured off into some solution of 
hydrogen sulphide, when the formal ion of a white preci|)itateof ZnS will proven 
that the Sn has been coni])letcly precipitated. 

The main li(inid is now diluted, and when thomctaf.ic particle^s have sub- 
sided, it is decanted olf as closely as possible through a filter-paper. The 
flask containing thc t in is then placed under t he fumu'l, a bob' is |)ushed through 
the l)ottom of t he filter, and any particles of metal in thc filter are wasluMl back 
into the flask by pouring through the filter 180 c.c. of strong hydroelilorio 
acid. I'hc contents of (he flask are then connected with a carbon rlicjxide 
apparatus, heated to boiling until the f in is dissolved, and (he boiling .solution 
is titrated with the standard ferric chloride solution as has been described 
under (a). 

505 . Estimation of Antimony. The method d(q)ends upon the separ- 
fion of iodine from potassium iodide by the antimonio chloride in the hydro- 
chloric acid solution. The liberated iodine is then estimated by titration 
with standard solution of stannous chloride. 

The presence of stannic chloride am) of lead chloride does not interfere 
with the titration : but cupric, arsenic and ferric chlorides react in the same 
way as antimonic chloride, and if present should be separately estimated, 
and their equivalent amounts in antimony deducted from the apparent amount 
of antimony found by the titration. This method of arriving at the true’ 
amount of antimony is not only more rapid but is more accurate than tho 
process of separating the antimony and estimating it by itself. As a rule 
only traces of iron and arsenic are present in commercial alloys, but if the 
proportion of arsenic exceeds 1 per-cent., it is advisable to precipitate the 
antimony and arsenic as sulpliides and to separate them by the ordinary 
methods, else some of the arsenic will be expelled as hydrogen arsenide. 
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The following solutions are required : 

(a) Potassium Iodide Solutiony made by dissolving about 20 gram.s of 
the iodide in 100 c.c. of water. 

(b) Stannous Chloride Solution, made by dissolving 10 grams of pure tin, or 
20 grams of stannous chloride crystals, in 300 c.c. of strong hydrochloric acid, 
and diluting the solution to a litre. The solution is kept in a bottle filled 
with carbon dioxide and is titrated every time it is used against the standard 
solution of dichromate (c). Each c.c. of this stannous chloride solution 
corresponds approximately to 0*01 gram of antimony. 

(c) Potassium Dichromale Solution. — Dissolve 16 '34 grams of the pure, 
dry, recrystallised salt in water, and dilute the solution to a litre, 

1 c.c. of this solution corresponds exactly to 0*02 gram of antimony. It may 
be standardised against pure iron ( 305 ). 

(d) Starch Solution, pre|)ared as is described in paragraph 333 * 

The Process is carried out as follows ; 

From 1 to 3 grams of the alloy, in the state of filings or of fine turnings, 
is exactly weighed and introduced into a 500 c.c. flask, and boiled gently u ith 
160 c.c. of strong hydrochloric acid until action ceases and most of tlio lead 
and tin are dissolved. The solution is then completed by the cautious addi- 
tion of potassium chlorate solution, a slight excess being ultimately added 
to insure the presence of free chlorine. The solution is then diluted with 
about its own volume of water and is boiled until it no longer smells of 
chlorine : boiling for half an hour should suffice, and the volume must not be 
reduced below ISOcf.c., else antimonic chloride might be volatilised. 

When the liquid in the flask is cold, fill the upper part of the flask with 
carbon dioxide to exclude air, add 20 c.c. of the potassium iodide solution (a), 
and allow the stannous chloride solution (b) to flow in at onoo rapidly from 
a burette until the brown colour of the iodine becomes very pale : then add 
the starch solution (d) and comi)lete the titration by just removing the blue 
coloration by further addition of the stannous chloride solution. 

It is well then to proceed at once to standardise the stannous chloride 
solution which has been used, by pouring a little of the potassium iodide 
i>,nd the starch solutions into a 260 c.c. flask, then filling the flask with carbon 
dioxide, adding 20 c.c. of the stannous chloride solution and titrating it rapidly 
with the standard dichromate solution (c). 

Correction for the Presence of other Metals.— Since in the above esti- 
mation, cupric, arsenic, and ferric chlorides, if present, will be estimated as 
“ antimony,” it is necessary to determine these metals in a separate portion 
of the alloy by any of the standard methods. Their antimony-equivalenti 
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are then deducted from the whole weight of antimony which has been found 
by the above titration. 

It will be seen that during the titration the quantities represented 
by SbClj, 2CuCl2, 2FeCl3 will each furnish two atoms of chlorine during 
thoir reduction : accordingly Sb, Ciijj and Fcj will bo chemically equivalent 
quantities in the results of the estimation, or by calculation : 

1 per cent, of arsenic will correspond to 1*6 per cent, of antimony. 

I „ „ copper „ „ 0-945 „ „ „ 

1 „ „ iron „ ,, „ r 03 „ „ ,, 

The numbers in the last column therefore are the factors required for 
obtaining for the respective metals the antimony-equivalents which have 
to be subtracted from the total result found for antimony, 


Analysks of Gkrman-silver. 

German-silver is an alloy of copper, zinc, and nickel, and frequently 
contains traces of tin and iron. 

For the estimation of these constituents, weigh out accurately about a 
gram of tilings, or bettor drillings or borings of german-silver. Dissolve this 
in nitric acid, and evaporate the solution nearly to dryness to remove most 
of the acid, 

506. Estimation of Tin. — Treat the residue with water, and filter off 
any appreciable quantity of SnOj which remains and weigh' it (202). 

507. Estimation of Copper. — Precipitate the copper from the filtrate 

(506) bypassing hydrogen sulphide, reserving the filtrate. Dissolve the CuS 
in dilute HNO„ and reprecipitate it with hydrogen sulphide, observing the 
precautions described in paragraph 49^ » either convert the precipitate 
into CujS, as is there directed, and weigh this, or proceed as follows : 

After the original copper sulphide precipitate has been dissolved in dilute 
HNO3, loix the solution with sodium cari onate in slight excess, then with 
excess of acetic acid, and estimate the copper by adding potassium iodide in 
excess and titrating with thiosulphate solution (357)* 

508. Estimation of Iron, — Boil off the hydrogen sulphide from the filtrate 

(507) . and add a few drops of strong nitric acid in order to convert the iron 
into the ferric condition. Nearly neutralise with NajCOj, add NaA, boil 
pud filter, and reserve the filtrate. Dissolve the precipitate in a little HCl and 
freprecipitate the iron by ammonia. Filter off and wash, reserving the filtrate 
“•nd washings, and dry, ignite and weigh the precipitate as Fe|0, (129). 
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Nolr. — 'I’iie above preliminary procipitati <n of the iron by NaA is necess.nv 
if the following succiiiie acid im^thod of separating Zn and Ni is adopted. Tf tli,' 
cyanide mol hod, which is described below, is used, the iron may bo precipitfitid 
directly by addition of Am(1, and excess of ArnOH ; but in this case it is well lu 
dissolve the precipitate in H(!l and to reprceipitatc with AmCl and AmOH 


509, Estimation of Zinc and Nickel.— The zinc is separated from the 
tiickt'l by adding either succinic acid or p<jtassium cyanide to the tiltralcs 
from the precipitates caused by boiling with NaA, which have been mixed 
with tlie washings (508). 

Succinic Acid Meiliod. Acidify the mixed filtrates and washings with 
Hr'l, and boil the liquid until it is free from HA. Add NaafXlg solution in 
slight excess, boil, and filter off and wash the zinc and nickel carbonates. 
Dissolve tlic carbonates in boiling saturated solution of succinic acid, licat 
the solution to boiling, and pass H^S to saturation. Allow the precipitate 
of ZnS to settle, filter olT, and wash it with water containing and deter- 
mine the zinc either as sulphide (a) or a.s oxide (b), as is described below. 

Boil the filtrate from tlui Zn 8 until it is free from hydrogen sulphide, 
precipitate the nickel by adding a slight excess of sodium hydrate solutioD 
and Br waU'.r, filter olf and wash the nickel hydroxide, and weigh as NiO after 
ignition {12^, Note 2). 

Cyanide Method. -Mix the filtrates and washings from the iron precipitate, 
and add a clear saluratcd solution of potassium cyanide until the liqirH 
a.ssumes a brownish lird, ; boil unli' ammonia is no longer smelt , then adii 
some sodium sul[)hulo solution, which ha.s been fre.shly made by passin" 
hydrogen siil|)hide into sodium hydrate solution ( 379 ), and boil. Filler ol'i 
the ZnS, adding' any further (piantity which may be deposited duiing tlir; 
subsequent concentration of the filtrate, and determine the zinc either ns 
sulphide (a) or as oxide (b), as is described below. 

Concentrate the filtrate from the ZnS by evaporation, filter if necessary, 
and acidify it by the addition of strong nitric acid, guarding carefully ag;iin!<t 
loss by cfTervoscence. Boil for a time in a fume-closet, add KOH solution 
and Br water in slight excess, filler off and wash the nickel hydroxide and 
weigh as NiO after ignition (I27» Note 2). 

<a) Dry the precipitate of ZnS in the steam-oven, and transfer it to ft 
porcelain crucible fitted with the Rose lid and tube (92) ; then incinerate IkCi 
filter, and add the ash. Sprinkle a little sulphur over the contents of tli 
crucible, and heat them in a current of dried hydrogen gas. The temporaturj 
should be low at first, but should be gradually increased to an intense ret 
heat (98). Weigh the ZnS which remains. 
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(b) Dissolve the freshly precipitated ZnS in hydrochloric acid, boil oil 
the KzS, precipitate the Zn as carbonate, and wei^h as ZiiO {163). 

For Results of an Analysis of German silver refer to [laragraj h 955. 


Analysis of Aluminium Alloys. 

510. The composition of a few typical alloys of aluminium is stated below, 
but alloys which are |)reparcd for special purposes may also contain a small 
quantity of any of the following metals: manganese^ tungsten, titanium, 
chromium, and cadmium. 


Alloy. 



Parts per 100. 



A1 

Cu 

Mg 

Ni 

Ag 

Sn 

Aliuniniiun bronze 

5-10 

!)5-t)0 





Alloy for casting purposes . 

85-95 

— 

— 

15-5 



Alloy for light scientific in- 
struments 

75-80 


25 20 




For white jewellery : 

Alloy (1) . 

30 



70 



Alloy (2) . 

30 

— 

— 

40 

10 

i " 


For the Estimation weigh out from 0’5 to 1 gram of the alloy into a 250 o.c. 
beaker and dissolve it in about 15 c.c. of moderately strong nitric acid. Evapo- 
rate the solution nearly to dryness on the water-bath and treat the residue 
with water ; filter off any residue of SnO^ and w eigh it (202). 

If silver is present add dilute hydrochloric acid in slight excess, and filter 
and weigh as AgCl {158). 

Estimate the copper in the filtrate by passing hydrogen sulphide until 
the liquid smells strongly, then filter off the precipitated CuS, wash it 
quickly with H^vS-water, convert the precipitate into CujS (496) weigh 
the copper as cuprous sulphide. 

Boil off the HgS from the filtrate, and continue to boil after adding a 
little strong HNO3, then precipitate the aluminium as hydroxide by the 
addition of a slight excess of solution of ammonia, filter, and weigh as AlaOs 
(130)- If iron is present in small quantity, separate the iron from the 
aluminium as is described in paragraph 424, a. 
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If tho filtrate is blue, indicating the presence of nickel, add NaOII solution 
and Br water in slight excess, wash, filter and ignite tho precipitate, and 
weigh the nickel as NiO (I27, 2 ). 

Finally acidify the filtrate from the nickel precij itate with hydrochloric 
acid, add AmOH until the litjuid is alkaline, and then Na2HP04 solution ; 
then filter off, ignite and weigh the magnesium as pyro-phosphate (165)* 

For the Analysis ol Commercial Aluminlnm see par. 1023, 


Analysis of Iron-ores. 

51 1. The ordinary ores of iron are the oxides, known as red and brown 
haunatite, and black or magnetic oxide ; the carbonate, or spathic iron-ore 
(431) J mixture of oxide and carbonate, or clay iron-stone. 

Iron-ores may contain the following constituents: moisture, carbon 
dioxide, .silica, iron, aluminium, manganese, calcium, magnesium, phosphate, 
and sulphate. Some ores also contain organic matter. 

512. Estimation of Moisture. — Since carbon dioxide and organic matter 
are usually present, the water must be estimated by heating 2 grams of the 
ore to dull redness, and absorbing the steam which is evolved in calcium 
chloride as is directed in paragraph I9I. 

513. Estimation of Carbon Dioxide.— Fstimate the carbon dioxide 
by absorption m is described in paragraph 175, using 2 grams for the detormina 
tion. 

514. Estimation of Silicious Matter. — Weigh accurately from 5 to 10 
grams of the finely powdered ore. Heat it gently with strong hydrochloric acid, 
add a little nitric acid, and continue the heating until it is judged that all 
soluble matter has been dissolved. Then evaporate to dryness on the water- 
bath, and heat the residue to 150 ® C. in the air-bath. 

Treat the dry residue with strong hydrochloric acid, then dilute, heat, and 
decant of! the clear liquid through a filter. Treat tho residue again with a 
small quantity of hydrochloric acid, heat, and filter the solution through the 
same filter into the same filtrate. Continue this treatment as long as any 
iron can be found by ferrocyanide in a drop of the acid last used. Finally 
filter, wash and ignite the residue (99)» weigh it as silica and gangue. 

Transfer the filtrates and washings to a half-litre flask, and dilute 
to 500 o.c. This liquid serves as the “ original solution ” which is used for 
the other estimations. 
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515. Estimation of Aluminium.— Boil 60 c.c. of the original solution 
(514) with a little nitric acid in order to convert the iron into the ferric state, 
nearly neutralise the liquid with ammonium carbonate, and precipitate by 
boiling with ammonium acetate solution (435)- 

Filter off, wash, ignite, and weigh the precipitate. 

The ignited precipitate consists of AljOj, FcjO.,, and a little ferric phos- 
phate. The weight of AljOj is subsequently found by subtracting the weights 
of the FejOg (516) and PjOj (519) from the total weight of the ignited 
precipitate. 

516. Estimation of Iron. Reduce Ihe iron in 50 c.c. of the original 

solution (514) from the ferric to the ferrous condition by one of the methods 
described in paragraphs 312, 313 > ^ t>cen completely 

reduced, make up the solution to 250 c.c. with air-free water, and titrate it 
with potassium dichromate solution (306). The iron which is present in the 
ferrous state may be estimated Jis is directed in paragraph 437* 

If the procedure described in paragraph 399 is adopted, the titration may 
be mode by means of permanganate solution. 

517 . Estimation of Manganese.— Treat 200 c.c. of the original solution 

as is directed in paragrapli 515* filtrate from the basic acetal cs, 

which has been concentrated if necessary by evaporation, add biomi c- water 
in slight excess and then a few drops of ammonium hydrate, and w-arni. 
Filter otf and w’ash the manganese precipitate, re.serving the filtrate and 
w'ashings ; then ignite the dried precipitate and weigh it as MngO^ ( 164 ). 

518. Estimation of Calcium and Magnesium.— Those metals are esti- 
mated in the filtrate (517) way described in paragraphs 426, 427, but 
a single precipitation with ammonium oxalate will suffice, 

519- Estimation of Phosphate, — If arsenic has been found in the qualita- 
tive analysis, it must be separated by means of hydrogen sulphide (522) before 
the phosphate is precipitated. 

To 50 c.c. of the original solution (514), or to 250 c.c. if the idiosphorus 
is below 0*2 per cent., add a moderate quantity of ammonium molybdate 
solution {520), and allow the liquid to stand in a w'arm place for some 
hours. Filter, after proving that the precipitation is complete (538). Then 
dissolve the yellow ammonium phospho-molybdate precipitate in ammonium 
hydrate, precipitate the phosphate with magnesia mixture {l 6 y), and weigh it 
as MgjPjO, (166). 

520. Preparation of Ammoniidn Molybdate Solution. — Pour 10 c.c. of water 
into a large flask, add 60 grams of molybdio acid, and then 100 c.c. of the strongest 
ammonia solution ; stir the liquid until all the solid is dissolved, then pour the 
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solution quickly into 720 c.c. of cold strong nitric acid, stirring constantly durini;; 
the addition. Keep the liquid in a warm place for some hours, and decant the 
clear solution for use. 

521. Estimation of Sulphur.— Evaporate 60 o.c. of the original solution (514) 
nearly to dryness, so as to expel almost all the free acid, then dilute and prccipitat*-, 
with a little barium chloride solution. Allow the liquid to stand scvcial hours, 
then fdtor off, ignite, and weigh the HnSO^ (l33)- 

522. Estimation of Copper, Arsenic, and Antimony. — During the ovaponi- 
lion of the acid solution (514) some of the arsenic will have volatilised. Therefore 
a, fresh portion of the ore must be dissolved in hydrochloric acid, and the sul] hidcH 
of the alx)ve metals preeiyutated by pa.saing into the diluted solution. The 
sulphides are then separated as is directed in paragraph 493. 

Estimation of Titanium. Refer to paragraph 523 for a description of the 
joroce.ss. 

For Results of Analyses of Red Haematite-ores .see paragraph 956 


Estimation of Titanium in 'Pitaniferous Ikon-ores. 

523. When silica is estimated in the usual way in ores containing litaniutn, 
a portion of the titanium is precipitated with the silica, and the rest of the 
titanium remains in solution. 

In order to avoid this complication the ore shouhl be decomposed by fusion 
with pota.ssiurn bi.sulphalc in ( lu‘ following manner : refer also to I024, 1 325- 

Reduce tbo ore to as fine a powder as possible in an agate mortar, and 
weigh accurately about 1 gram of this powder into a large platinum crucil >■ 
Then add 10 grams of puic KTISO^, carefully cover the crucible, and heat it 
over a small flame until the bisulphate is melted. 

The mass must be kept liquid, and slight white fumes should be given olT; 
the requi.sitc temperature may bo attained by maintaining the bottom of 
t lu! crucible at a dull red*hcat. 'J'ake great care to regulate the heat in such 
,a way as to prevent the melted bisulphato from frothing over the edge of 
the crucible. 

A.S soon as the ore is completely decomposed, remove the flame, take off 
the lid of the crucible and incline the crucible at an angle of about 45° so as 
to cause the fused mass to flow to one side of the crucible and to nearly reach 
its edge. 

As soon as the oruoible is cold, place it with the lid in a beaker ol cold water, 
and pour in about 60 0.0. of strong sulphurous acid solution. Stir the pungently 
gmelling liquid from time to time, and ultimately allow the insoluble matter to 
settle, transfer it to a filter, and wash it well with cold water. 
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Residue. —Dry the residue, then ignite it in a platinum capsule and Veigh it, 
Then treat it with HF and a few drops of .H2SO4, evaporate to dryness, and 
ignite and weigh again. The loss of weight arising from this treatment repre- 
sents the amount of SiOj (2I0» Note). If any appreciable residue mraains 
in the crucible, heat it with a little fused NsjCOg, treat the cool mass with 
HjSOi, filter if necessary, and add the clear solution to the main filtrate. 

Filtrate. — The main filtrate should l)e colourless, and should smell 
strongly of SOg. Add to it one-sixth of its volume of acetic acid of 1*04 specific 
gravity, and a clear solution of 20 grams of sodium acetate. Heat this liquid 
to boiling, and keep it boiling for a few minutes. 

Then allow the precipitate to settle, tiller it off, and wash it at first with 
hot water containing one-sixth its volume of acetic acid, then with hot wafer 
alone. Dry and ignite the precipitate, and weigh the TiOj which is thus 
obtained. 

The ignited precipitate may contain traces of FegOg and AI2O.,, which were 
originally carried down as hydroxides with the titanic hydrate. In order to remove 
these substances, the weighed residue may be fuser! with Na2C03. The moss thus 
obtained is then boiled with water, and the insoluble residue of impure sodium 
titanato is filtered off, washed, and dried, and is then fused again with Na2C03. 
Iho cold mass is then dissolved in cold dilute H2SO4, and the titanic hydrate is 
precipitated by boiling with sodium acetate and acetic acid as is described above. 


For Analysis op Bauxitb refer to par. 1025 in the Appendix. 


Analysis of Iron and Steft.. 

524. Tlio value of a sample of iron or steel i.s usually determined by 
estimating in it the free and combined carbon, silicon, phosphorus, manganese 
and sulphur; but, in certain samples, titanium (523), copper and arsenic 
(541). nickel (5^), aluminium (544), chromium (1029), tungsten (1030), 
molybdenum ( 1 03 1 ), and vanadium (1032) may also have to be determined. 

The sample for analysis should be in the form of fine borings or drillings ; 
and since cast-iron and ferro-manganese contain impurities in greater quantity 
than either wrought-iron or steel, about three times as much wrought-iron 
or steel is taken for analysis as is necessary in the case of cast-iron. 

525. Estimation of Total Oarbon. — Of the many methods which have 
l>een devised for the estimation of the total carbon present in iron, the most 
trustworthy are those which depend upon the separation of the oarbon as such, 
and its subsequent conversion into oarbon dioxide, the carbon dioxide being 
then absorbed and weighed. Two methods are described below (526, 528). 

which the second (528) is the more aoonratOi 


17 
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526. First Method for Estimating Total Carbon. — The carbon is 
separated by immersing the iron, in the form of crushed powder or borings, 
in copper sulphate solution. The iron passes into solution, and an equivalent 
amount of copper is deiiosited, the copper and carbon remaining as a residue ; 
a minute portion of the carbon, however, usually escapes in the form of hydro 
carbon gases. The carbon in the residue is then converted by chromic anhy- 
dride into carbon dioxide, and tliis is absorbed by soda-lime and weighed. 

The Process of Estimation.— Weigh out accurately about T gram of cast- 
iron, or 3 grams of wrought-iron or steel, into a 100 c.c. beaker, increasing the 
weight taken if the proportion of carbon is low. Pour upon the metal a solution 
of copper sulphate, made by dissolving one part of the crystallised salt in about 
six parts of water, and allow the beaker to stand in a warm place. 

When the iron has been completely dissolved and no hard particles are felt 
by the end of a glass rod, pour off the clear liquid, and transfer Ihe copper 
and carbon to a 2.50 c.c. round flask by means of a gla.ss rod and a small 
quantity of water. Now add about 50 c.c. of strong sulphuric acid and 10 
grams of chromic anhydride crystals (527)- Connect the flask with the tubea 
shown in Fig. 68 (p. 104), of which (/) is weighed and (c) is not required, 
and prove the apparatus to be gas-tight. 

Gradually raise the temperature of the flask, until the bubbles of gas which 
pass through the bulb-tube (d) can just bo counted, and as the evolution of gas 
slackens, raise the temperature until white fumes are observed in the flask. 

When this is the case aspirate a slow current of air, freed from carbon 
dioxide, through the apparatus. As soon as a volume of air equal to about 
six times the capacity of the flask has passed, detach the U -tube (/) and weigh 
it. Its increase in weight represents the amount of carbon dioxide produced, 
and from this the weight of carbon oxidised by the chromic acid may bo 
calculated. 

527. PreparatlonofChromicAnhydrlde.— Make a saturated .solution of pota?- 
siuin dichromate, and mix this with an equal volume of strong^sulphurio acid in a 
large beaker. Allow the liquid to cool, and pour off the mother-liquor from the 
crystals which have formed. Drain the erystals in a covered funnel, the neck of 
which is plugged with gla.«^s.wool, and place them in a bottle. A further crop of 
crystals may be obtained by evaporating down the mother-liquor, and allowing 
it to cooL 

528. Second Method for the Estimation of Total Carbon.— The 
powder or borings of the metal are digested with excess of cupric-ammonium- 
chloride solution. -The iron is thus dissolved and an equivalent weight of 
3opper is precipitated, while if the digestion is continued sufficiently 
long the copper is redissolved and a residue of carbon only remains. I he 
9^h0M \9 introcluoc4 into a small boat aqd ignited in a oombustion-tubei 
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in a current of oxygen, and the carbon dioxide thus produced is absorbed by 
goda-limo and weighed. 

Preparation of the Cupric Ammonium Chloride Solution,— Dissolve 5.3 
grains of pure ammonium chloride, and 8.5 grams of pure recrystallised copper 
chloride in about 500 c.c. of water. Keep this solution in a stoppered bottle. 

The Process of Estimation.—Weigh out accurately 1 gram of ca.st iron, 
or 3 grams of wrought-iron or steel, and digest it with from 100 to 200 c.c. 
of the above cold copper solution and 7*5 to 16 c.c. of diluted (1 :1) HCl, 
stirring with a glass rod until it is completely disintegrated. 

Continue the digo.stion of the re.sidual carbon and metallic copper at 70® C. 
until all the copper is dissolved, adding more of the copper solution if 
necessary. As soon as the residue lo-ses its rod colour, collect the carbon upon 
an asbestos filter, previously removing any scum of basic ferric chloride from 
the surface of the liquid by adding a little hot dilute hydrochloric acid. 

The Asbestos Filter is Prepared by stopping the neck of a funnel with a plug 
of glass-wool. Asbestos, which has been ignited in a current of air,.i.s then broken 
up with water in a mortar and is poured into the funnel. In thi.s way a layer of 
felted asbestos fibres Is formed, which serve.s as a filter. Before 
the filter is used, water is poured into it and is drawn through 
by an a.spirator (8o) as long as any asbestos libres pass away in 
the liquid. The filtration is accelerated by the filter- pump, 

A special funnel may be made for the purpose of the filtration 
in the following way : A piece of combustion-tube, about 10 cm. 
long and 1 cm. in internal diameter, is drawn out at one end until 
a small orifice only is left (Fig. 89). It will be found convenient 
to introduce a coiled piece of stout platinum wire into the funnel, 
which serves for pushing out the asbesto.s into the boat after the 
filtration has been completed. The glass-wool and asbestos are 
then introduced into the filter-tube above the wire-coil and 
are washed as is described above. 

If a small {fiatinum filter- tube is used instead of the glass tube ii.ter. 

described above, it may bo pushed with its contents into the combustion-tube : the 
transference of the asbestos and carbon to the boat, which is described below, is 
thus saved. ' 

After the carbon has been filtered off, it is washed upon the filter until it 
is free from chloride. The filter is then dried in the steam-oven, the 
asbestos containing the carbon is transferred to a porcelain or platinum boat, 
and the combustion is carried out in the manner described in paragraphs 781 - 

793 - 

The boat is pushed into a combustion-tube, the front part of which contains 
about 16 om. of granulated copper oxide and a silver coil. The end of the 
tube near the silver coil is fitted with a perforated cork carrying a calcium 
cWori4e tqbe, wjth which a weighed soda-lime is connected (I77» 
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The calcium chloride tube absorbs any moisture which may be evolved, the 
soda-lime tube absorbs the carbon dioxide. 

After the apparatus has been tested to ascertain that it is air-tight, th( 
combustion-tube is laid in the furnace, and the copper oxide layer is heated 
to redness. A slow current of pure dry oxygen is then passed through the 
tube, and the heat is extended to the boat containing the carbon. After all 
the carbon has been burnt off, the current of oxygen is allowed to pass for a 
short time longer to sweep over the carbon dioxide into the absorption -tube. 
The soda-lime tube is then detached, and is weighed as soon as it is cold. 

From the weight of COj thus found, the percentage of carbon in the iron 
may be calculated. 

It will be understood that the red-hot layer of copper oxide serves to burn 
any carbon monoxide which may be evolved, and the silver coil absorbs any 
trace of chlorine arising from the incomplete washing of the carbon ; errors 
in the estimation of the carbon are thus avoided. 

Before proceeding to the estimation, it i.#well to make a “ blank combustion.” 
Thb is carried out as is described above, but the carbon is omitted. If the absorp 
tion-tube undergoes no increase of weight in this process, all the materials which 
are used in the process are sufBciently pure. 

529 * Estimation of Graphite. - Weigh out 5 grams of steel, or 1 gram of 
grey or 3 grams of white cast-iron ; heat it gently with diluted (1:1) HCl, using 
15 c.o. for each gram of metal. Collect the insoluble residue of impure carbon 
on an asbestos filter, and wash it successively with hot water, potassium 
h} drate solution, alcohol, and elhor. 

Then dry the residue, and estimate the amount of graphite which it 
contains, by burning it in a stream of oxygen and absorbing and weighing 
the carbon dioxide, as is described in paragraph 528. 

For Certain Technical Purposes, in which Great Accuracy is not required, 
the iron may be^dissolved in hydrochloric acid, as is described above, and the 
residue may be collected on a tared filter, then washed as before, and dried and 
weighed. It is then transferred to a platinum crucible, the filter-ash is added, and 
the carbon b burnt off, with the aid, if necessary, of a stream of qxygen (92). 

Since a platinum crucible suffers by the long contact with the gas-flame which 
is necessary to bum off the graphite, the method of combustion described in para- 
graph 548 may be resorted to, oxygen being used, if necessary, instead of air. 

The loss of weight of the residue, after allowing for the weights of the filter and 
of the filter-ash respectively, gives approximately the weight of the graphite. The 
result thus obtained is usually about 20 per cent, too high, owing to the oxidation 
of the Fe. It should be multiplied by the factor 0’8. 

530* Efttimatipn of Combined Carbon In Steel, Wrought- and Cast<» 
iron {Nottf p, 262) by Eggertz*s Method.— -When metallic iron contains 
only small proportion of carbon, its solution in nitric acid is usually 
brown. The depth of thie oolour increases as the percentage of combined 
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carbon present in the iron increases. Hence by comparing the coloration of 
this solution with that obtained by the solution of standard iron containing a 
known quantity of carbon in the same condition, a rapid determination of 
carbon may be made. 

Nitric acid of 1*2 specific gravity and free from Cl is used as the solvent. 
A series of standard samples of steel are first prc[«ired, in which the amount of 
carbon has been accurately determined by the combustion method ( 528 )- As 
a rule, the standards should be prepared from the same kind of steel as that 
which is to be tested. The process may be carried out either as is described 
below, or by Stead’s modified method ( 531 ). See Chemical News, vol. 42 

(1880), p. 88 . 

For the estimation, weigh out accurately 0*1 gram of the sample to be 
tested, and the same weight of the standard steel, into two test-tubes. If 
the percentage of ,<>arbon is approximately known, add suitable amounts of 
the nitric acid, as indicated by the table below. When an insufficient amount of 
nitric acid has been used, the solution is (lightly darker in tint than it should be ; 
accordingly, if no knowledge of the probable percentage of carbon is obtainable, 
3 c.c. of the acid may bo used, and the process is then repeated, if necessary, 
with an increased quantity of the acid. 


Percentage of carbon 
present in steel. 

Number of c.c. of nitric acid 
required for solution. 

Less than 0'3 per cent. 

3 c.c. 

Prom 0’3 to 0-5 „ 

4 0.0. 

M 0-6 „ 0-8 

6 c.o. 

„ 0-8 „ I'O „ 

6 c.c. 

Upwards of 10 „ 

1 

7 c.c. 


After the first violent action has subsided, heat the test-tubes in a water- 
bath, until the action of the acid ceases and the solution of the sample is 
complete: this will usually require about 16 minutes. Then remove the 
tubes at once from the water-bath, and cool them by immersing them in cold 
water. ' 

Now pour the standard solution into a ” carbon- tube,” which is a glass 
tube 1 cm. in diameter and closed at one end ; it is capable of holding 30 c.c. 

1 and is graduated into tenths of a c.c. Rinse out the test-tube with water, 
until the total volume of liquid in the carbon* tube h|,at least twice as great 
as that of the acid originally used. 

The volume of the standard solution should be some convenient multiple of 
tenths per cent. Thus, if the standard iron used contains 0*6 per cent, of carbon. 
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and the solution is dihitod until it measures 10 c.c., each c.c. of this liquid will 
correspond to 0*05 per cent, of the carbon. 

Now pour the solution of the sample under examination into a similar 
carbon-tube, rinse out the test-tube with a small quantity of cold water, and 
compare the intensity of the colours of the two solutions by looking across 
the tubes at a white surface ; if the colour of the sample solution is the more 
intense, add water to it gradually until the colours exactly correspond, and 
read the volume of this solution in cubic centimetres. 

The percentage of carbon will be found by multiplying the number of c.c. 
of liquid in the tube by the carbon-value of 1 c.c. of the standard solution. 
Thus, if 11 e.c. of the sample solution gave the same colour-intensity as 10 e.c. 
of the standard solution, e.ach c.c. of which corre,sponds to 0*05 per cent, 
of carbon, then the percentage of carbon in the sample = 11 x 0-05 = 0*55. 

Instead of diluting the sample solution until its intensity correspond.^ 
with that of the standard solution, a graduated series of standard solutions 
may be employed. These are contfiincd in sealed tubes, and successively 
differ by a fixed amount of carbon. Since, however, their colours are liable 
to fade, the method described above is more trustworthy. 

Note . — The above process for wrought-iron and steel may also be used for 
cast-iron, but only 0 05 gram must bo dissolved in the HNO 3 ; the liquid is then 
diluted to 20 c.c. and at once -compared witu the corre.sponding standard, the 
solution being first quickly filtered from undi.ssolced graphitic carbon if the cast- 
iron was of the groy variety. 

531, Stead’s Modified Process for determining Combined Carbon.- 
It is found that the colour, which is duo to the solution of the carbon, is inter- 
fered with by that of the iron nitrate present in the liquid. This interference 
may be prevented by adding sodium hydrate solution in excess, and removing 
the ferric hydroxide \^y filtration. The colour due to the carbon is more intense 
in this alkaline filtrate than it was in the original acid solution. The process 
is mainly used for low carbon steels. The procedure is as follows : 

One gram of the steel is dissolved by heating it in a water- bath witli 12 c.c. 
of nitric acid of 1*2 specific gravity. The standard steel is treated in a similar 
way. Each solution is now well mixed with 30 0 . 0 . of hot water and with 
13 0 . 0 . of solution of sodium hydrate of 1*27 specific gravity. The liquids 
are then diluted to 60 0 . 0 . and are well shaken, and after they have stood for 
ten minutes in a warm place they are filtered through dry filters. 

The two filtrates are poured into two graduated tubes, and the intensity 
of their colour is compared by looking down the tubes upon a white surface. 
The lengths of the columns are then adjusted by removing some of the deeper- 
coloured liquid, until they both give equal colour-intensity. The quantities 
of carbon present are inversely as the lengths of the liquid columns. 
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Thus if the columna of liquid measure respectively SO mm. and 100 mm., the 
latter corresponding to the standard steel containing 0-4 per cent, of carbon, then 

the percentage of carbon in the steel sample = 0*4 x = 0 * 5 . 

It is found that the colour which is given by steel containing a low per- 
centage of carbon differs in character from that given by steel containing a 
high percentage. Hence it is necessary to prepare separate standard solution.^ 
for the two classes of steel. 

532. The Percentage of Free Carbon may be found by subtracting 
the percentage of combined carbon (53O, 531) from the percentage of total 
carbon (526-528). 

533. Estimation of Sulphur.— Two methods are in common use for 
e.stimating sulphur in iron. 

( 1 ) The sulphur is first evolved as hydrogen sulphide and this is then 
converted into a suitable form for being weighed (534). This process is 
applicable to steel. If it is applied to cast-iron some of the sulphur often 
fails to be converted into hydrogen sulphide. 

(2) The sulphur is converted into sulpliuric acid, which is precipitated 
and weighed as barium sulphate {535). This method gives more accurate 
results than the first, and is of general application. 

534. Estimation of Sulphur by conversion into Hydrogen Sulphide. — 
1 ^'it into the neck of a 300 0.0. conical flask a doubly perforated rubber stopper, 
which has been previously boiled with sodium hydrate solution to extract the 
sulphur. Through one hole in this stopper push a thistle-funnel, which must 
nearly touch the bottom of the flask. Into the other hole fit a tube which is 
bent twice at right-angles, the shorter cud of which just passes through the 
cork, while the other end passes into a tall narrow cylinder containing solution 
of cadmium chloride, made by dissolving 5 grams of CdCl2 in 2 (X) 0.0. of 
strongest ammonia solution and diluting to a litre. 

A second similar cylinder may be connected with the first, by means of a 
cork and bent tube ; this, however, is rarely necessary, since the hydrogen sulphide 
escapes diluted with much hydrogen which facilitates its absorption. 

Weigh out accurately from 6 to 10 grams of steel or wrought-iron, or 
2 grams of cast-iron, into the flask, and add HC^, diluted with two-thirds its 
volume of water, finally boiling the contents of the flask in order to expel 
dissolved hydrogen sulphide gas. Filter off and wash the precipitated 
cadmium sulphide on a tared filter which has been previously dried at lOO*’ C., 
and dry at 100 ° C. and weigh the precipitate (192). 

If this method is applied to cast-iron, it is always nece.ssary to tiller off 
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and wash the undissolved residue in the flask ; this residue is then dried, and 
the sulphur which remains in it is estimated by the process described in para- 
graph 14I or 142, and is added to that already found as Cd8. * 

If the amount of sulphur to bo estimatt d is very small, the hydrogen sulphide 
may be received in bromine-water acidified with hydrochloric acid. The excess 
of bromine is expclUd by boiling the liquid, and the sulphur is then precipitatid 
and estimated as BaS04 (133). 

535. Estimation of Sulphur as BaS04.--Dissolve the weighed metal 

(534) regia, then add a little sodium carbonate to fix the H.,S04, and 
evaporate to dryness at a moderate heat on the iron-plate or air-bath. 
Moisten the riisidue with strong HCI, add water, heal, and filter, resi.Tving the 
n sidue fiJr the estimation of silicon (536)- Dilute the filtrati; slightly, add an 
excess of cold barium chloride solution, and after a time pass through a 
very fine filter, wash with dilute HCI and then with water, and dry, ignite 
and weigh the BaSOji (133). 

This method gives more accurate results than that described in paragraph 
534, if care is taken to remove the free nitric acid, to keep the volume of the 
liquid small, and to add a fair excess of barium chloride solution. 

Note . — If the BaSO^ precipitate is coloured red by FcgOs, the precipitate is 
iieated with dilute HCI, then washed, ignited, and weighed : or the weight of thi^ 
BaS04 may be ascertained by precipitating the iron in the acid filtrate and 
washings, weighing it as Fe208 (129) and then subtracting this weight from that 
of the original BaS04 precipitate. 

The reagents used in this estimation should be examined for sulphate, and if 
any is found to be present a blank estimation must be made, and the weight of 
BaS04 obtained must be allowed for. 

536. Estimation of Silicon. — ^Treat the residue from the acid solution! 

(535) , 08 is described below, for the estimation of the silicon. Or dissolve 
2 grams of cast-iron, or 6 grams of steel or wrought-iroii, in about 40 c.c. 
of strong nitric acid, taking care to prevent loss by spirting if the action is 
violent, and evaporate the solution to dryness. Heat the residue, in either/ 
ca^e, to about 200 ® C. in the air-bath to decompose carbonaceous matter. 

The removal of this organic matter is much facilitated if a little ammonium/ 
nitrate has been added during the final stages of evaporation of the acid solution 
Unless the organic matter is decomposed, the precipitation of the phosphate im 
the filtrate (537) will be incomplete. 

Evaporate the cold residue with HCI, and heat to 160 ® C. Then heat with 
about 30 c.o. of HG, dilute with water and filter off and wash the silica, taking 
care that the volume of the filtrate and washings does not exceed 100 c.c. Keep 
this filtrate for the estimation of phosphorus (537). Dry the silica (457), and 
if it is coloured red by iron oxide, digest it with strong hydrochloric acid until 
it is perfectly white ; then wash, dry, ignite, and weigh it. (See note 2 , 210 .) 
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Since the silica may contain impurities, it is bo.st to ascertain the weight 
of pure silica present by treating the weighed substance with pure hydro- 
fluoric aqid and a little strong sulphuric acid, as is directed in the Nute (210)- 

537. Estimation of Phosphorus. — The phosi)horus is converted by the 
action of strong nitric acid into phosphate, and precipitated and weighed 
as phospho-molybdate (539), as magnesium pyrophosphate (538)* or as is 
directed in par. 1026. 

538. Estimation as Mg 2 P 20 'j . — Either dissolve 2 grams of the metal in 
nitric acid of 1-2 sp. gr., and remove the siliea {536) ; or add to the filtrate 
from the silica (536), which measures about 100 c.c., at least twice its volume 
of aiujiionium molybdate solution (52O)* and allow the liquid to Itand for 
several hours in a warm place, taking care that the temperature does not 
exceed 40*^ C. else arsenate may be precipitated together with the phosphate. 

Now remove a small quantity of the clear liquid by a pipette, mix it with 
some more molybdate solution, and allow the liquid to stand in a warm place 
for some time. If any precipitate is thus produced, return the liquid and preci- 
])itate and add more molybdate solution to the whole of the liquid. He]>eat 
these processes until the further addition of molybdate produces no precipitate. 

Ai^soon as the precipitation has been proved to be complete, filter off the 
loose precipitate, and wash it, as well as the precipitate adhering to the beaker, 
with molybdate solution diluted with an equal volume of water ; test the 
fast few drops of washing-water with K4FcCyg solution for Fe, to ascertain 
when the washing is finished, and proceed as below, or as in par. 1026. 

Di.ssolve the precipitate from the interior of the beaker and from the filter 
in 2 or 3 c.c. of strong ammonium hydrate solution, add strong hydrochloric 
acid until the ammonia is nearly neutralised, and precipitate the phosphate 
hy means of magnesia-mixture {167), finally weighing it as Mg.^PgO; (l66)- 

539* Estimation by Weighing as Phospho-molybdate modification of 
the above method consists in weighing the yellow phospho-molybdate precipi- 
tate itself. If this method is adopted, from 1 to 2 grams of the iron-sample 
only need be treated as is directed in paragraph 336. 

After the silica has been filtered off, the volume of the filtrate is reduced 
by evaporation until a film forms upon the surface of the liquid. The phos- 
phate in this solution is then mixed with excess of the molybdate solution as 
is directed above (538) ; the precipitate is filtered off, the portion which 
ftfihorcs to the beaker being dissolved in ammonia solution, reprecipitated by 
addition of nitric acid, and then added to the main portion in the filter. The 
precipitate is washed with water containing 1 per cent, of HNO3. It is then 
dried at 120° C. on a tared filter (86, 87)t and is weighed as (NH4)3.12Mo0j.P04, 
containing 1-65 per cent, of phosphorus. 
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540. Estimation of Manganese.— Weigh accurately from 1 to 2 grams of 
the iron sample, and dissolve it in .‘10 c.c. of nitric acid of 1-2 sp. gr. 
Evaporate the solution to dryness, and heat the residue to 200° C. ia the air- 
bath to destroy carbonaceous matter. Dissolve the cold residue in 10 c.c. of 
dilute ( 1 : 1 ) HCl, then dilute, and filter off the insoluble matter. 

Dilute this solution to about 500 c.c. with distilled water, and add ammo- 
nium carbonate solution, drop by drop, until the colour of the liquid becomes 
dark brown. Continue the addition of the ammonium carbonate solution 
very cautiously and with constant stirring, until the precipitate which is 
formed only just redissolves. Now add 2 grams of ammonium acetate and a 
little acetic acid, boil the solution for a few minutes, and filter the boiling 
liquid, using the funnel-jacket (Fig. 66, p. 66) and reserving the filtrate. 

Redissolve the precipitate in hydrochloric acid, add ammonium carbonate 
solution carefully, and reprecipitate and filter as has been just described. 

Mix these two filtrates which contain the manganese, evaporate if neces- 
sary, and allow the liquid to cool. Add to the cold solution bromine-water 
until it is of a permanent brown colour, and then add an excess of ammonium 
hydrate. Heat to boiling, filter off and wash the precipitate with hot water, 
then dry and ignite it, and weigh as Mn304. This precipitate always contains 
some Ni or Co, which must be separated and weighed in accurate analyses. 

For Other Methods, .see pars. 1027, 1028. 

541. Estimation of Copper and Arsenic. — Weigh accurately from 
to 10 grams of the iron, and dissolve it in nitric acid. Add hydrochloric acid 
and evaporate the solution to dryness on the water- bath : repeat this process 
several times. Finally dissolve the residue in water, reduce the iron to the 
ferrous state by means of ammonium bisulphite (313), and pass hydrogen 
sulphide gas into the solution to saturation. Filter off the precipitate, which 
may contain CuS, AsgSg, S, and possibly SbgSj, and separate and estimate 
these substances as is described in paragraph 493. Copper may also be deter- 
mined as is described in paragraph 543. 

A trace of copper is more readily estimated volumetrically (636) Uian gravi- 
metrical ly. 

542. Estimation of Nickel and Aluminium. — The method is based on 
the fact that when ether is shaken with a solution of the chlorides of alu- 
minium, nickel, copper and iron in dilute hydrochloric acid, it removes the 
ferric chloride and leaves the other chlorides in the acid solution. 

543. Determination of Nickel. — Dissolve 2 grams of the steel in dilute 
HCl of 1-1 specific gravity, add sufficient HNO3 ^ convert the iron into the 
ferric state, and evaporate the liquid to dryness. 
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Redissolve the residue in HCl and evaporate the solution until the FeClg 
begins to form a skin upon the surface of the liquid. Add diluted HCl of M 
spocifio jgravity in order to redissolve any basic salt, and transfer the liquid 
to a stoppered separating funnel 250 c.c. in capacity. Rinse out the solution 
into the funnel with a little of the dilute hydrochloric acid, taking care that 
the whole volume of the liq»iid does not exceed 50 c.c. 

Now pour 40 c.c, of ether into the funnel and shake the liquids together 
for about eight minutes The ether will remove the FeClg from the solution, 
and will form an emerald green layer above the a(tueous solution. Let the 
funnel stand for a few minutes and then allow the acid aqueous solution, con- 
taining the chlorides of Cu, Ni and Al, to How into another separating funnel, 
in which 40 c.c. of ether have been previously placed. 

Wash out the first funnel with a little of the dilute HCl and allow the 
washings to flow into the second funnel. Hei)eat the washings with fresh 
acid, and finally pour off the green ethereal solution from the first funnel into 
an ether- residue bottle for recovery of the ether. 

Shake the contents of the second funnel for ten minutes in order to enable 
the ether to remove the last trace of the ferric chloride from the acid liquid. 
Then allow the acid liquid to How into an evaporating-basin, and wash out 
the last portions with t he dilute acid as before. 

Evaporate the acid liquid, which contains the nickel, copper and alumi- 
nium as chlorides, to a small volume and precipitate the cop[>cr as sulphide 
by passing hydrogen sulphide (lOIO)- Filter off the copper sulphide, add 
excess (jf HoSOi and evaporate until white fumes appear. Allow the solution 
to cool, and add a little water and then an excess of AmHO ; filter, if necessary, 
and finally transfer the liquid to a platinum dish and precipitate the metallic 
nickel electi'olytically ( 219 ). 

The nickel may contain a very small amount of cobalt, the determination of 
which may usually be neglected. 

544* Determination of Aluminium. — Proceed as in the determination 
of nickel until the acid liquid remaining after the treatments with ether has 
been obtained. Evaporate this to dryness, and dissolve the residue in a little 
hydrochloric acid. Nearly neutralise the solution with dilute ammonium 
hydrate solution, add a little sodium thiosulphate in order to reduce any iron, 
and then add 2 or 3 c.c. of a saturated solution of sodium phosphate. Finally 
add 6 or 6 grams of sodium acetate dissolved in a little water, boil the solu- 
don until it no longer smells of sulphur dioxide, and filter it. Then wash, 
dry, ignite, and weigh the precipitate of aluminium phosphate, AlPO*. (See 
^ole below.) 

^ote , — lu ordet to make certain that the precipitate is free from traces of iron 
and silica, it may be ledissolved in HCl, The solution is then evaporated to dry- 
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ne.ss, redissolvcd in dilute HCI, and the solution is neutralised and mixed with a 
little thio.sulphate and sodium acetate. The precipitate of AlPO^ may now be 
hltered oil, washed, ignited and weighed. It contains 22-18 per cent, of aluminium. 

For Results of Analyses of Iron and Steel refer to paragraph 957 , 


Proximate Anai.y.sts of Coal and Coke. 

545- * ciiennoal oxaiiiination of coal ordinarily comprises the estimation 
of moisture, ash. .sulphur, volatile matter, coke, and calorilie power The 
coal must be very rapidly powdered for these estimations, as it loses water 
during the proces.s: it is bettor therefore to u.sc air-dried coal (I030)* 

546. Estimation of Moisture. —Powder about 2 grams of the coal 
rapidly, weigh the [lowder between two watch-gla.sses, and heat it in the 
steam-oven. Remove the coal every lialf-hour, allow it to cool in the desic- 
cator and weigh it. Since the weight decreasos by loss of moisture, but also 
gradually incieascs after a time by oxidation, no constant weight will ho 
obtained, and the lowest weight which is noted must be taken as representing 
the completion of the drying. See also par. 1029 

547. Estimation of Volatile Matter and Coke.—Two methods (a, b] 
for estimating the volatile matter and coke are described below. 

(a) Spread out 2 grams of the rapidly powdered coal in an oven layer in 
the bottom of a platinum crucible, which has been weighed without the lid. 
Cover the crucible with the lid, place it on a pipe-clay triangle, and heat it 
by means .of a powerful Bunsen flame. In order that comparable result.s 
may be obtained in different estimations, the size of the flame and the position 
of the crucible in it must always be the same. 

As soon as the flame of the gases, which issue from beneath the lid, is no 
longer seen, continue the heating for one minute longer. Then remove the 
gas-flarao, allow the crucible to cool in the desiccator, and weigh it without 
the lid as soon as possible. The weight of the residue represents the Weight 
of the coke including the ash : the loss of weight suffered by the original 
coal is the weight of the volatile matter. Reserve the coke. 

(h) Weigh out accurately from 10 to 20 grams of the coarsely powdeied 
coal into a weighed capacious porcelain crucible provided with a lid. The 
crucible should not be more than half filled with the coal. Place this crucible 
in a clay crucible, and surround it completely with coarsely powdered charcoal. 
Cover the clay crucible with its lid place it in a wind- or gas-furnace and keep 
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it at a red-heat for one hour. Remove the porcelain crucible when it is cold, 
and weigh it. The loss of weight, which it has sustained, represtmts the volatile 
matter of the coal. The residue of coke, including the ash, is rcsei ved, 

An examination of the coke obtained by this method will indicate whether 
the original coal is a caking, sintering, or non-caking coal. 

548. Estimation of Ash. — Weigh out accurately aboiit 2 grams of the 
powdered coal, or of the coke from 547, into a weighed porcelain boat about 
10 cm. long and 2 cm. across. Some platinum-foil, which has been shaped 
upon a piece of glass rod, forms a good substitute for the porcelain boat. 

Push the boat containing the coal into a combustion-tube, about 2’5 om. 
in diameter (Fig. 90 ). Heat the tube and boat to redness in a combustion- 
furnace (783), while a gentle current of air is drawn tlirough the combustion- 
tube by means of an aspirator (176, Fig. 68 h, p. 104 ). 

Fio. 90 , 


Ash DBTKRMTNATrON. 

The temperature should not become sulTiciently high to soften the glass 
and cause the boat and tube to stick together, but this may be pi cA ented 
by interposing a few threads of asbestos between the bottom of the boat and 
the glass. 

As soon as the dark-coloured combiistible matter is entirely removed, 
allow the tube to cool, then withdraw the boat and weigh it. By this method 
a clean ” ash, free from carbonaceous matter, is obtained in a short time. 

Reserve the ash for the determination of sulphate (551}. 

549 - Estimation of Sulphur. — It is usually necessary to ascertain the 
amount of sulphur which is present in the volatile matter, the sulphur contained 
in the coke, and the sulphur which is left as sulphate in the ash. For lliis 
purpose it is necessary to determine the total sulphur (550)» sulphur in 
the ash (55I)» the volatile sulphur in the coke (552). 

The amount of sulphur present in the volatile matter is obtained by adding 
the amount of sulphur found in the ash to the amount which is evolved by 
burning the coke, and then subtracting this from the total sulphur. 

55O' Estimation of Total Sulphur by Two Methods.— (a) Weigh 
out accurately about TS grams of the very finely powdered coal, and mix 
R with four times its weight of finely powdered dry .sodium carbonate 
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by adding the sodium carbonate t<j the coal, which is contained in a platinum 
crucible or capsule, and stirring the powder with a dry glass rod : the mixture 
must not bo further stirred during the heating. 

Now partially cover the crucible with its lid, and heat it for some time 
gently so as not to volatilise the hydrocarbons and give rise to smoko or 
smell. Then gradually raise the temperature nearly to visible redness, and 
continue the heating until the dark colour of the mixture has faded, or has 
become red from iron oxide. A Bunsen burner fed with spirit may be used 
to avoid the introduction of sulphur from the coal-gas. 

Then raise the temperature to a dull red-heat, and maintain this tempera- 
ture for about fifty minutes. The mass will now bo almost perfectly white, 
owing to the complete combustion of the coal. 

Now treat the cool mass with water, and filter tlie solution. Add a few 
drops of bromine to the filtrate and acidify with HCl, then boil the liquid 
until the bromine is removed, determine the sulphate in this solution as 
BaS04 (133)’ calculate the corresponding weight of S. 

(b) The bomb may be rinsed out with water after the calorific power determina- 
tion (556). The sulphate in solution may then be determined by adding excess of 
IK :i and of Bad,. { 133). Or the free H.^04 and HNO3 in the boiled bomb- rinsings 
may be estimated by titrating with standard baryta-solution in presence of pluuinl- 
phtlialoin, standard Na^CO^-solution being then added in excess to precipitate the 
barium nitrate, and the clear liquid titrated with standard acid to determine the 
excess of NaT'Oa : from these results the weight of SO4 can bo found from the 
baryta required to precipitate it. The S is finally calculated from the SO 4 . 

551* Sulphur in the Ash. — The ash, which was reserved from paragraph 
548, is treated with water containing a little hydrochloric acid, the solution 
is filtered, and the residue is washed. The sulphate contained in the filtrate 
and washings is determined as BaSO^ (I33), and the weight of sulphur which 
it contains is calculated. 

552* Volatile Sulphur in the Coke. — The sulphur which is converted 
into sulphur dioxide, when the coko is burnt in the air, is determined as 
follows : 

A quantity of coke, representing a known quantity of coal (547), is roasted 
in a porcelain boat, or on platinum-foil. In a slow current of oxygen (548), and 
the gaseous products are passed through 10 c.c. of standard solution of iodine 
(331) contained in a bulbed U-tube (Fig. 86, p. 188). The following reaction 
will take place between the sulphur dioxide, the iodine, and the water ; 

SO, I, -f 2H,0 - H 2 SO 4 -f 2 HL 

The amount of free iodine which remains in the solution is determined 
by standard sodium thiosulphate solution (334), and the amount of iodine 
which hf^ beep acted upon by the sulphur dioxide is obtained by difference. 
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Prom this result the weight of the sulphur, which has been evolved by the 
coke, may be calculated. 

553. Estimation of Calorific Power. — The calorific power of fuel is 
determined by ascertaining the number of heat-units which are evolved by 
the combustion of unit weight of the fuel in oxygen. One heat-unit or 
“calorie” is the amount of heat which is recpiired to raise the teinperaliire 
of one gram of water one degree Centigrade. 

('aloritic returns made in this country usually state the number of pounds of 
water raised one degree Fahrenhoit by the combustion of one pound of coal; 
this result can be converted into calorics by multiplying it by five-ninths. 

In the methods described below the fuel is either burnt in free oxygen 
gas, or it is mixed with substances which arc capable of yielding oxygen, such 
as potassium nitrate and potassium chlorate, and the mixture is kindled. 
I’he products of combustion are cooled by a known weight of water, and the 
increase of temperature produced in the water is noted as soon as the combus- 
tion has ceased. 

The weight of the water in grams, multiplied by its rise of temperature 
expressed in Centigrade degrees, will then give the number of units of heat 
which have been evolved by the combustion of the fuel. This number, after 
it has been corrected for the heat absorbed by the apparatus, gives the calorific 
power of the fuel. 

The calorific power of coal may he estimated by the I^wis Thompson 
calorimeter (554)» rising a mixture of potassium nitrate and pot.assium chlorate 
to supply the oxygen. The method is more suitable for bituminous than for 
anthracitic coal. 

Other methods consist in burning the fuel either in a regulated stream of 
oxygon gas in the William Thomson calorimeter (555)> compressed 
oxygen in a bomb (556). 

The advantage secu#0H by using the methods of combustion in oxygen gas 
( 555 » 556 ) complete combustion is readily secured without the neces.sity 

of preparing trial mixtures with the oxidising mixtures, as is u.sually necessary 
by the Lewis Thompson method (554). When the oxygen is supplied from 
a holder (555) fbe process of combustion can be watched and is also under 
complete control. 

554* The Lewis Thompson Calorimeter is shown in Fig. 91. It com- 
prises a glass cylinder (c), which holds 2000 grams of water when it is filled 

to the etched mark, and a suitable metal vessel and tube in which the fuel 
can be burnt. The procedure is as follow! ; 
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I'ill the «loi under to the mark with water which is at a temperature just 
below that of the surrounding atmosphere. 

Weigh out accurately 2 grams of the finely-powdered and sifted coal {1024). 
Mix this intimately with ten times its weight of a mixture of one part of potaa- 
Slum nitrate and three parts of potassium chlorate, which has been previously 
well dried in the steam-oven. Then try to kindle the mixture. If it doe,- 


Fig. 91. 



not burn steadily, the experiment must be repeated with different proportion* 
of coal and oxidising mixture. 

As soon as a mixture has been prepared which burns steadily when kindled, 
transfer a similar mixture to the copper tube (a), seen on the left in the figure, 
and gently press down the mass in the tube with the bottom of a test-tube. 
The broader tube {d) is intended for a mixture which does not burn readily. 

When all the powder has been transferred to the tube, bury in the upper 
part of the powder the lower end of a little piece fuse, which is made by 
steeping thin cotton-wick in potassium nitrate solution and drying it. Place 
the tube in the brass clips attached to the brass disc, and proceed to render the 
temperature of the water in the calorimeter uniform by stirring before taking 
the temperature carefully by means of a delicate thermometer. ‘ 

Now light the fuse, rapidly push on the cover (6), taking care that the 
stop-cock is closed, and immerse the tube in the water until it stands upon 
the bottom of the cylinder. 

The cover (6) consists of a copper cylinder connected with a narrow copper tube. 
The cylinder prevents the water from coming into contact with the mixture : it 
U perforated at the bottom so a« to allow the products of combustion to ctcaiw, 
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The narrow tube attached to the cylinder is provided with a stoj)-cock, so that the 
water can be admitted into the cylinder and tube at the end of the combustion. 

The mixture will burn, and the gfiseoiis products of combustion u ill force 
their way through the holes at the base of the copper cylinder, and will pass 
up through the water into the air. 

The whole metal a'pparatus is allowed to remain immersed in the water 
for a few seconds after the combustion has ceased, in older to allow the metal 
to transfer its boat to the water. 

The stop-cock is then oiicned, so as to admit water to the interior of i he 
metal apparatus. The molal apparatus is alternately raised and lowered 
several times so as to mix the watm thoroughly, and the temperature of the 
-water is once more taken carefully by a delicate thermometer. 

The number of Centigrade degrees, by which the water has increased in 
temperature during the combustion, is added to the number of degrees corre- 
sponding to the amount of heat absorbed by the api)aratu3 ; the latter being 
taken as one-tonth of the rise of tomperatiire observed. And since 2 grams 
of coal were used, and the glass cylinder contained 2000 grams of water, this 
number of degrees, when mulliplied by 1000, will give the number of beat- 
units or calories evolved by unit weight of the fuel. 

fn a [(articular cstimatiou the following results were obtained : The initial 
tempnraturo of tlio water was IG'’ C,, ami the final temperature of the water was 
22'7‘’ 0. Assuming that the heat absorbed by the a[[paratus is measmed by oue- 
tenth of the rise of tcinporaturo observed in the water, tlic calorific power will be 
equal to (0-7 + 0‘67) 1000 =• 7370 calorics or heat-units. 

A second graduation will be seen on the glass cylinder at 1934. Tho 
cylinder may be lillcd with water up to this mark, and the temperatures 
taken' in Fahrenheit degrees. The number of degrees rise in temperature 
registered on the thermometer after the combustion, if increased by one- 
tenth, will then represent the number of pounds of water at 212^ F. which tho 
combustion of one pound of tho coal will convert into steam at 212*^ F. The 

calculation is ba.scd oi^o assumption that - 907 Fahienlieit units of 
heat are required to convert the unit weight of water into steam. 

555' The William Thomson Calorimeter. — This apparatus is similar 
lo the calorimeter just described, but is designed for burning a weighed quantity 
of fuel in a platinum crucible under water, by directing a slow stream of oxygen 
from a gas-holder Or compro8.sion -cylinder upon it. 

Several modifications of this apparatus are now obtainable; the following 
u^'^cription applie.s to the form which is shown on p. 274 (Fig. 92) : 

The oxygen passes down the vertical tube which contains the stop cock 
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Fig. 02). Wire-gauze baffle-discs are seen around the combustion-chamber ; 
these serve to break up the escaping gaseous products into small bubbles, and 
thus to cause them to be more completely 
cooled by the water. 

The apparatus is immersed in water con- 
tained in a glass beaker, which is again sur- 
rounded by a metal vessel with a glass slip 
let into its side. Tlie fuel is then kindled by 
means of a snmll fuse, as has been already 
described, and the oxygen stream is started 
by opening the tap as soon as the chamber 
cotdainiMg the kindled fuse has been lowered 
into the water. 

For the Estimation 1 gram of the fuel 
is accurately weighed and introduced into 
the platinum crucible, which is then placed 
on the clay support ; and the long narrow 
copper tube, which terminates in the tap and 
bent tube, is connected with an oxygen gas- 
holder by a piece of rubber tubing. 

Two thousand grams of water, taken from a supply which has been kept in 
the room in w'hich the experiment is to bo made until it is of same temperature 
as the atmosphere, are then introduced into a largo thin beaker of suitable 
dimensions. This is the calorimeter, and it is placed in the outer jacket of 
bright metal in order to protect it from radiated heat and later on from 
contact with the colder atmosphere. The water is then w'ell mixed by 
stirring and its temperature is accurately noted. The thermometer may 
be fixed in the arm of a reto.rt-stand so that both may be removed at 
once, and its height is so adjusted that the bulb and about 5 cm. of the stem 
will be immersed in the water of the calorimeter. Each degree measures 
about 1 cm. on the stem. 

As soon as the temperature of the water has been noted, the thin copper 
tube, which slides easily through the rubber tube, should bo drawn up 
near to the top of the bell-glass, and the upper end with the tap closed 
should be attached to the supply of oxygen wdiich is under slight pressure. 
A fuse about 2-5 cm. in length, consisting of two strands of lamp -wick prepared 
as is directed on p, 272, is then placed upright in the coal in the crucible and 
ignited. The bell-glass is now pushed down over the crucible and fixed in 
position by the springs, and the whole is lifted into the beaker and sunk .to the 
bottom of the water. At the same time the tap is opened gradually until o stream 
of oxygen passes through the apparatus, and the time is noted on a watch. 


Fio. 92. 





The Wir.LiAM Tiio.mson 
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The coal will burn quietly at first, and the thin copper tube should not be 
pushed far down in the bell-glass until all fumes cease to be evolved, since 
plenty of oxygen must bo present in the upper part of the bell-glass to 
insure the complete combustion of this volatile matter; when, however, the 
coke remains in a glowing condition, it is advisable to push the thin copper 
tube down until its end is immediately over the platinum crucible, in order 
to facilitate the combustion of the coke. A slight rotating movement may 
«il 80 be given to the tube, so as to cause the gentle stream of oxygen to fall 
on any particles of unburned coke in the bottom of the crucible. 

As soon as the experiment is completed the tap is closed, and the bell is 
raised sufficiently to enable the side-clip to be opened and to be pushed upon 
the small projecting gla.S 3 tube. The residual gas will now escape through 
this tube as the bell is again pushed downwards, and the water will come 
into contact with the narrow copper tube and with other parts of the apparatus, 
and will cool them by its contact. The bell should be moved slowly up and 
down in the water several times, in order to cool the parts and to mix the 
water. 

The temperature of the water is now accurately taken again ; and the 
duration of the experiment, which will be usually from five to ten minutes, 
is noted. 

The Water Equivalent of the Calorimeter may be obtained by * 
Calculation, after the weight of each part of the apparatus has been ascer- 
tained, by multiplying each weight by the specific heat of the material. 

The results of this proce.ss, when applied to a particular apparatus, are 
tabulated below, and show a water-equivalent of 203*46 grams. A fuller state- 
ment of this method is given in the original description of the apparatus by 
its inventor {Journ. Soc. Cheml Industry, 1886, pp. 581-84). 


Glass beaker, part in contact with the 

Weii^lit iti {jpwifle 
{jraiiis. luut. 

Water- 

equivalent 

water . . ‘ . 

922*430 X 0 1 80 - 

166*037 

Glass bell 

7.')*431 X 0*180 - 

13-576 

Brass base 

99-853 X 0-004 - 

'0-377 

Four copper discs . . 

65-100 X 0-005 

6*204 

Brass over top of bell-jar , 

21-307 X 0-004 - 

2-001 

Copper tube 

30-800 X 0*095 - 

2-930 

Rubber cork 

1-.578 X 0*331 - 

0-552 

Rubber tube 

1-784 X 0-331 - 

0*591 

Platinum crucible .... 

15*111 X 0*032 - 

0-490 

Mercury of thermometer 

f^lass „ „ ... 

9*683 X 0-033 - 

0-310 

7*350 X 0*180 - 

1-.323 

Hence the total water-equivalent of the apparatus — 

203*460 
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The Direct Experimental Determination of the Water-equivalent 
should however be made as is described below, when the apparatus is to be 
applied to the determination of the calorific power of coal. 

The calorimeter is carefully adjusted as it would be for working with a 
coal ; 2000 grams of distilled water, about 5° C. warmer than the air, are then 
weighed and its temperature (t) is taken after it has been well mixed. The 
temperature (t') of the apparatus is also noted ; this will be the temperature 
of the laboratory in which the apparatus has been standing. The 2000 grams 
of water are now poured into the calorimeter beaker, the apparatus is placed 
in position in the water and the beaker is immersed in the metal jacket. 
The water is now kept well stirred for about fifteen minutes by raising and 
lowering the discs on the side of the bell-jar. 

The temperature (t") of the water is then taken. 

The correction for radiation is obtained by continuing the above procedure 
for another fifteen minutes and again reading the temperature (t"'). The 
tall of temperature due to radiation will be (t' - t'" ) = f. 


From these data the water-equivalent, including the correction for 
axliation, is found from the following statement 

(t^ -t- f) - t' 

In a particular determination the following temperatures in degrees 
Centigrade were noted : 

t » 19-5 

V = 14 () 

t'" = 18T).5 

t'" = 18-30 

f « (18-65 -18-30) = 0-36 

2000 [19*6 -(18-65 + 0-36)] 

I fence the water-equivalent = tt— j- ", v r.rPx — 7717 ^ — = 227-22 

(18 65 -f 0 35) - 14 6 — — 


The Calculation from the results of a particular experiment was made as 
follows : One gram of the coal raised the temperature of the 2000 grams of \vaf( r 
and the apparatus by 0*34° F. Since tho water-equivalent of the apparatus was 
424 -8 grams, this was equivalent to raising 2424*8 grams of water by (V34'^ F., or 
2424 8 X 6*34 <= 15373*2 grams of water 1® F. Tho coal therefore gives 16373 2 
British thermal units of heat by its combustion. If it is wished to ex|)r<'s.s 
the hcal-value of the coal in terms of pounds of water at its boiling-iH)int 
evaporated by one pound of coal, then, since water in being convorixd 
into steam absorbs 967 units of heat, one pound of tho coal will evaporate 


1.5373-2 

“ 967 ” 


15*9 lb. of water at its boiling-point and under ordinary atmospheric 


pressure. 


556 . The Bomb Calorimeter. — A modification of tho Mahler-Donkin 
bomb calorimeter, constructed for the determination of the calorific power ot 
fuel, is shown in Fig. 93. It consists of tho following parts : 
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A Bomb or suitable stout-walled combu.stion chamber {a), made of metal 
of great tensile strength, in which the substance is burned : the thick walls 
of this bomb are black in the figure. 

A Calurimekr {b) containing water, in which the bomb is immersed and 
to which the bomb gives up its 
heat. 

A Cenligrade Thermometer (c) 

’graduated in fiftieths of a degree, 
a hundredth of a degree Centigrade 
may be easily read on the scale by 
mcan.s of a hand-lens. 

A Cylindrical Water-jacket 
in which the calorimeter {h) h 
placed. Attached to this outer 
jacket is a bracket fitted with 
friction-wheels by means of whicii 
a set of paddles may he made to 
rotate inside the calorijueter. 

A Storage Celh Electric Battery, 
or other source of electricity, ca[)- 
ablc of giving a current of about 2 
amperes at 10 volts for firing the 
fuel in the bomb (a). 

A Pressure-gauge, which records 
the pressure in the bomb and ’Phk Bomb Calorimbtbb. 

connecting-tube while the bomb is 

^beiiig charged with oxygon from the steel cylinder. This pressure should 
not be less than 25 atmospheres. 

The interior of the bomb is protected from the corrosive cITects of the acids 
produced during combustion, either by a heavy plating of gold, or by a lining 
of platinum or enamel. The bomb is fitted with a screw-valve for regulating 
the admission of oxygen, and with a support which carries the crucible in 
which the fuel is placed, and which also serves as one of the terminals required 
for the electrical ignition of the substance to be burned ; an insulated rod 
forms the second terminal. The cover of the bomb can be securely bolted 
down by means of studs and nuts. 

The Procedure is as follows : A sample of the finely powdered coal, not 
exceeding 1 gram, in a porcelain capsule small enough to bo placed in the 
bomb-crucible, is dried at a temperature of 100“ C. until its weight is constant 


id) 



M:: 
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(refer to 1024 )- A piece of platinum Avire 0-1 mm. in diameter is looped 
between the two terminals, and is made (o glow by passing the electric current 
in order to make sure that the conneefions are sound. 

The capsule containing the dried coal is then placed in the bomb-crucible 
and the platinum loop is so arranged that it is well covered by the coal. The 
bomb-cover is then screwed down, and after the necessary connections have 
been made, oxygen is admitted very slowly into the bomb until the gauge 
indicates a pressure of 25 atmospheres. The valve of the oxygen-cylinder 
is then closed, and finally the screw-valve of the bomb is also secured. 

The bomb is now disconnected and placed in the calorimeter containing 
2600 grams of water. When it is seen that no oxygen escapes, showing the 
joints to be gas-tight, the paddles are kept constantly in motion until the 
temperature of the water remains constant as judged by thermometer readings 
taken at intervals of a minute. 

One of the connecting-wires from the battery is then applied to any part 
of the bomb-cover, and the other to the insulated terminal. If this has led 
to a succe-ssful firing, a faint click will be heard, caused by the cracking of the 
capsule. The paddles are then at once restarted, and the temperature of the 
water is noted at intervals of a minute until the ’mercury begins to fall. 

The difference between the maximum and the initial temperatures, when 
multiplied by the sum of the weight of the water and the water-equivalent of 
the apparatus, gives the amount of heat in ealories yielded by the combustion 
of the weight of fuel taken. 

The water-equivalent of the apparatus is determined by burning a known 
weight of some pure combustible substance such as cellulose, benzoic acid, or 
cane sugar, the calorific value of which is accurately known. 

In testing ordinary fuels the following method of calculation is quite satis- 
factory, since careful experiments haA^ shown that it is unnecessary to make 
any cooling corrections if the temperature of the water in the calorimeter is 
the same as that in the water-jacket before the fuel is burnt. 

If the initial water-temperatures are the same as the temperature of the 
room when the determination is being started, then if 

t° C. = the initial temperature immediately before firing, 

T° C. = the maximum temperature after firing, 

W — the weight of water in the calorimeter, 
w = the water-equivalent of the apparatus, 

Wi = the weight in grams of the fuel taken, 

X = the calorific value of the fuel, 

. y _ (W -I- w) X (T-t ) 

Wi 

If full corrections are to be made for losses due to cooling, and increases 
such as are due to the formation of nitric and sulphuric acids, the above data 
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must necessarily be amplified, although the method of carrying out the deter- 
mination will be in no way affected. Refer for text-books to par. 1021. 


Examples of Duplicate Estimations (a, b) are 

given below; 

a 

b. 

Weight of coal dried at 100° C. . , 

. . 0-81.3.5 

0-7938 

Initial temperature C.° of water . , 

. . 18*91 

18-88 

Maximum temperaturo C.° of water 

. . 20-74 

20-67 

Weight of water in calorirhetcr in grams 

. . 2500 

2500 

Water-equivalent of appratus in grams 

Then the calorific value from (a) 

. . 712 

712 


(2500 -f- 712} X (20-74 -18-91) 

n. ' uio ^ “ 7226-6 calories. 


and from (b) the value 

(2500 + 712) X (20-67- 18-8) 

' o-irns 


- 7243-0 


or the mean calorific value *» 7234-2 calories. 


Por Results of Analyses of Coal refer to paragraph 958. 


Co^LBTB Analysis of “ SuPEarKospHATK of Lime.’* 

557* specimens of natural calcium phosphate, as well as the 

calcium phosphate present in bones, are insoluble in water. But when these 
substances are treated with sulphuric acid, the insoluble tricalcium phosphate, 
CagPgOg, which they contain, is converted into soluble mono-calcium phosphate 
CaHiPgOg. The treatment of, insolubl(^hosphates with sulphurio acid U 
carried out on a large scale by manure manufacturers in order to produce the 
soluble phosphate or “ superphosphate ” of commerce. 

“ Superphosphate ” accordingly consists essentially of mono-calcium 
orthophosphate. But it also contains varying proportions of free phosphoric 
acid, tricalcium phosphate and calcium sulphate, as well as compounds of 
iron, aluminium, magnesium, and the alkali-metals. Organic matter is also 
usually present. 

In the proximate analysis of superphosphate for commercial purposes, 
the estimations of calcium phosphate ( 561 ) and of the alkali-metals ( 563 ) 
may be omitted. 

558. Estimation of Moisture.— Weigh out accurately about 2 grams 
of the superphosphate in the watch-glasses and clip, and heat it in the steam- 
oven for five hours. The loss of weight represents the amount of moisture, 
or uncombined water. 



280 


OKNKr.AL ANALYSTS. 


[ 6.59 - 5 *^ 2 , 


559. Estimation of Combined Water.- The piiperjihosplmte, after 
having been dried as above (55S)» ^ transferred to lire ait -oven, and is he.ated 
to 160*^ C. until its weight is constant. The loss of wciglit represents the 
amount of combined water, 

560. Extraction of the Portion which is Soluble in Water.— Weigh 
out 10 grams of the well-sampled undried superphosphate into a mortar, 
then add a little water and mix the wdrolc into a paste by gently stirring it 
with the pestle. Now add more water, stir well, allow the undissolved matter 
to settle, and decant the almost clear liquid into a flask. Treat tlie residue 
again with wafer and once more decant, and after repeating these operations 
twice transfer the undissolved residue to the flask. The total volume of 
water used sliould ho about 300 c.c. Then allow the flask to stand for two 
hours, shaking it occasionally. 

Now filter the liquid into a half-litre flask, and wash the undissolved residue 
on the filter with water until the flask is filled up to the graduation. Reserve 
the residue in the filter for subsequent estimations ( 565 - 567 ), and proceed 
to use the filtrate, or “original solution/’ for the estimations in paragraphs 

561 - 564 ' 

If the superpliosphato contains much free acid, the process of extraction, 
involving standing for two hours with tlie wafer confai dug acid, will probnlily 
render a larger jjroportion of phosphate soluble in water than was actually soluMc 
in the original substance. 

561. Estimation of Soluble Phosphates of Iron and Aluminium, 
and of Soluble Calcium Phosphate.— Transfer 2.')0 c.c. of the original 
solution (560) to an evaporating-dish, add a little sodium carbonate in order 
to neutralise the free acid, and then a few small crystals of potassium nitrate. 
Evaporate this liquid to dryness, a(||| remove the organic matter by igniting 
tlie residue. As soon as the dish is cold add hydrochloric acid and water, 
adding more acid and heating the liquid if it is not clear. Now add a sliglit 
excess of ammonium hydrate solution, and then an excess of acetic acid. 
Filter olT the phosphates of aluminium and iron, and W'ash, dry, ignite, and 
weigh them. 

Make up the filtrate to 250 c.c., and withdraw Wo successive portions of 
60 c.c. each. Make duplicate determinations of the PjOj in these by means 
of uranium nitrate solution, which has been standardised with calcium phos- 
phate solution {382). 

An alternative gravimetric method consists in precipitating tlie pliospbato 
in 60 c.c. of the original solution ’’ with ammonium molybdate solution, 
and weighing it as magnesium pyrophosphate (53^)* 

562 . Estimation of Calcium and Magnesium.— Transfer 100 c.c. of the 
filtrate ( 561 ) to a beaker, add excess of ammonium oxalate solution, filter 
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off and wash the precipitate, and weigh the calcium either as carbonate or 
as oxide {146, 147)* 

Render tlie tiltrate, containing the magne.sium, alkaline with ammonium 
hydrate ; the niagne.sium will probably be [>reci pita ted, either j)artially or 
wholly, as i)ho.s[)hate. Tlien add sodium [diosphate solution, and allow the 
liquid to stand. Filter oil, dry and ignite the precij)itute of magne.sium 
ammonium phospliato and weigh the magne.sium pyrophospiuito (165). 

563 Estimation of Organic Matter and Alkali metals.— Mi.x IfK) 
c.c. of the original solution (560) in an evaporating-dish with milk of lime 
until the liquid is just alkaline. Evaporate to dryness, and heat the residue 
in the air-oven at 1 G 0 “ C. until its weight is constant. Then igniite over a 
small Bunsen Hamo until the dish cea.sos to lose in weight. The loss of weight 
will give the amount of .soluble organic matter in the superphosphate. 

'treat the rc.sidue with water, add a little more milk of lime, and heat for 
some time. Filter olf the insoluble matter and wash it twice, Then precipi- 
tate the sulphate and the calcium from the filtrate and washings by adding 
barium chloiide, ammonium hydrate, ammonium caibonate, and ammonium 
oxalate solution.s in the order named. Filler, convert the alkali-metals in 
the liltrato into chloricle.s by adding h3’drochloiic acid, and estimate them as 
is described in paragraphs 428, 429 

564. Estimation of Sulphate —Heat 100 c.c. of the original solution 
(560) to l)oilirig,^add a few drops of hydiochloiic acid, and precipitate with 
barium chloride solution. Weigh the barium sulphate (I33). 

565. Estimation of Insoluble Organic Matter.-^'l'ho residue left on 
the tilter (560) will contain the organic mnibi, ganguc, and undlssolved pho.s- 
phatc and sulphate. Dry the residue in the steam-oven, tran.sfor it as com- 
pletely as pos.sible to a platinum crucible, and weigh. Then ignite the crm ilde 
until all the organic matter htvs boeu destroyed, 'J’lie loss of weight will give 
I the amount of organic matter. 

566. Estimation of Silicious Matter.— Heat the ignited precipitate 
565) with hydrochloric acid, in order to extract the portion which i.s soluble 
n acid. Filter off, wash, ignite, and weigh the residue, which consists of 
(angue or silicious matter. 


i 567- Estimation of Insoluble Iron, Aluminium, Phosphate. Calcium, 
^aguesiiun, and Sulphate.— Make up the liltrato (566) to 2.')0 c.c., and 
‘•tnate its dissolved matter as is described in paragraphs 561, 562, 564. 

568. Estimation of Nitrogenous Matter.— Superphosphates are occa- 
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sionally mixed with nitrogenous manures and ammoniacal salts, and nitrogen 
must then bo estimated. 

Nitrogen present in these forms may bo determined in 2 grams of the 
superphosphate by the soda-lime method (804). Kjeldahl’s method (807) 
may also be employed ; but if nitrate is present, it must be removed by 
evaporating with ferrous sulphate and dilute hydrochloric acid before the 
nitrogen is estimated by this process. 

The ammonia may be determined by mixing 2 grams of the substance 
with sufficient water, then adding sodium hydrate, or magnesia if much nitro- 
genous matter is present, and distilling. The ammonia gas is received in 
standard acid, which is then titrated as is described in paragraph 295* 

For the Results of au Analysis of Superphosphate of Lime refer to paragraph 
959 - 


Analysis of Mineral Phosphates and Bone-manures. 

569. The above process for the analysis of superphosphate is api)licablo 
to the analysis of other mineral phosphates. Since, however, mineral phos- 
phates contain little or no matter soluble in water, the treatment with watei 
may be omitted, and the phosphate may be at once treated with acid. Carbo- 
nate, if present, is estimated by the methods described in paragraphs 175" 

186. 

For Results of Analyses of GoproUtes and of Bone-flour refer to paragra{)h9 
960, 961. 


Estimation of the Total P^O# in “ Basic Slag,” Mineral 
PhosphatEvS and Superphosphates. 

570. For the estimation, 10 grams of tho “ Thomas’ slag ” are heated with 
50 c.c. of strong H2SO4 for fifteen minutes to a temperature at which white 
fumes appear. The cold liquid is then diluted to 600 c.c. and filtered. 

50 c.c. of the filtrate are mixed with 20 o.c. of citric acid solution, contain- 
ing 600 grams of the acid per litre ; and the liquid is nearly neutralised with 
the strongest ammonia solution diluted with ten times its volume of water. 

The solution is then precipitated by adding magnesia mixture (l 67 )> 
one-third of its volume of the above ammonia solution. 

The precipitate is weighed as Mg^P^O, (l66)> 

For Results of Analyses refer to paragraph 962. 
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Analysis of Guano. 

571 . Since guano gives off ammonia when it is heated to 100“ C., its 
moisture cannot be estimated in the ordinary way. About 4 grams are weighed 
into a bent glass tube (I9I), which is immersed in an air-bath or oil-bath heated 
to 120“ C. 

One end of the tube is connected with a wash-bottle which contains s 
known volume of normal acid, and a current of air is drawn through the tube 
and the wash-bottle. The ammonia gas, which is given off during the heating, 
passes into and is absorbed by the acid in the wash-bottle. After the heating 
is stopped, the ammonia is estimated by titrating the free acid with standard 
sodium hydrate solution. 

The loss of weight suffered by the guano is equal to the total weight 
of the water and ammonia, hence the water may be calculated by difference. 
The dried substance is then ignited strongly in the air, and the loss of weight 
represents the amount of organic matter. 

The residue is treated with HCI, and the estimations which arc described 
in paragraphs 561-564 are made in the solution. 

For Results of an Aualyals of Guano refer to paragraph 96^* 
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DRY ASSAY OF ORES OP LEAD, SILVER, GOLD AND 
TIN. 


Dry Assay of Lead-ores. 

The chief ore of lead is galena, J*b8. The assay by means of iron (572) 
ineludes an estimation of silver, which is always present in the ore : if juiicli 
arsenic is present a lower temperature must be employed. 

The oxides of lead, and oxidised lead ores which are free from sulphur 
arsenic and phosphorus, are readily assayed by reduction with carbon (573, 

574 )- 

'J’he procedure described below uiay be substituted with advantage for that 
described in paragraphs 483 and 484 in the estimation of the silver. 

572. Dry Assay of Galena for Lead.— -The ore is reduced by heat- 
ing it with iron and with a suitable flux, and the metallic lead thus se[)MrMl'Ai 
is weighed. Either iron may be introduced into a clay crucible (a), or an 
iron crucible may be employed (b). 

(a) Assay of Galena in a Clay Crncihle. — Grind the sample of ore in a 
mortar, and pa.ss the whole of it through a fine sieve. Also reduce some 
sodium carbonate and some argol or crude tartar to fine powder. 

Now weigh out 25 grams of the ore, 25 grams of the sodium carbonate. 

2 grams of the argol, and 2 grams of borax which is added to increase ll'f 
fluidity of the flux. 

Reserve one-fifth of the sodium carbonate ; mix the remainder well witl^ 
the ore and with the argol, and transfer the mixture to the crucible, which 
has been previously dried by placing it under the furnace bars. Double over 
a piece of hoop-iron, which is of such a length that when bent it is the same 
height as the interior of the crucible, and place it in the crucible with the lice 
ends downwards. Cover the surface of the mixture in the crucible with the 
sodium carbonate which has been reserved for that purpose, place the crucible 
low down in a djull red fire, and cover it with the lid. 

Now raise the temperature gradually, and at the end of ten minutes remove 
the furnace-cover slightly, grasp the piece of hoop-iron with the tongs and ‘ 
stir the mixture with it. After the lapse of another ten minutes stir again,! 
and strike the handles of the tongs sharply on the side of the furnace, in ord^^j 
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to detach any bead.s of lead, which may adhere to the iron, and cause them 
to drop into the crucible. 

Now heat more strongly for five minutes, remove the hoop-iron and 
raise the temperature by turning on the full draught, so as to render the slag 
fluid. Then remove the crucible from the furnace and pour the fused sub- 
stance out into a smooth conical iron mould ; turn the cool mass out of the 
mould, and hammer the button of lead found at the bottom in order to 
dctacli the slag from it. Then cleanse the button by rubbing it with a 
hard brush and weigh it. 

(b) Asmy in an Iron Crucibk . — For the estimation weigh out ,30 grams 
of the very finely powdered ore, and mix this with .30 grams of dry sodium 
carbonate and 3 grams of crude tartar. Heat a wrought-iron crucible to dull 
redness in a wind-furnace, remove the crucible, introduce the above mixture, 
and cover its surface with a .sprinkling of borax. 

If the crucible has been previously us(‘d, heat it and scrape off the scale from 
the interior before introducing the mixture. 

* Now cover the crucible with the lid, replace it in the wind-fiirnace, and 
surround and cover it with coke. 

Heat the crucible moderately for about twenty minutes, taking care not 
to let the tcm])craturc rise too high; then remove it from the furnace, and 
scrape down any slag, which adheres to the sides, with an iron stirrer. Tap 
the crucible gently, and pour the melted mass into a smooth conical iron 
mould. When the whole has become cold, remove t lie. mass from the mould, 
and break off the slag with a hammer from the metal button at the bottom ; 
then wash, dry, and weigh the lead. 

After the fused mass has been poured o\it,tbe internal surface ot the crnciblo 
I should he smooth, and no globules of lead or of partly fused portions of .slag 
should be seen adhering to the interior. The .slag should bo homogeneous, 
and should contain no particles of lead or undccom posed galena. 

Several a.s.says must be made on the same ore, and the mean of the satis- 
factory results should bo taken. 

A wrought-iron crucible will serve for from ten to twenty assays. 
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a temperature which might cause loss of lead by volatilisation : the melted 
mass is j)oured into a conical iron mould as soon as it is in a state of quiet fusion. 
The cold lead button is then detached from the bottom of the slag, and is 
weighed after it has been cleaned by hammering and brushing. 

By cupelling this button at a low temperature ( 577 ) amount of silver 
present in the lead oxide may be found. This must be known for the collec- 
tion to be applied in the silver and gold assays (582). 

574. Assay of Carbonate of Lead.— Weigh out 30 grams of the 
finely powdered ore : mix this with 10 grams of so^ura carbonate and 10 
grams of tartar, and about 1*5 grams of finely powdered charcoal ; then place 
the mixture in a small covered Battersea round clay crucible, and proceed 
as is described in paragraph 573. 


Assay of Lead for Silver. 

575. The button of lead (572) containing the silver is placed on a shallow 
vessel made of bone-ash, known as a cupel, and is heated in a mufile-ruriiace, 
The muffle is so arranged that pioducts of combustion do not enter from 
the furnace, but a regulated current of air can be passed through it. 

The button melts and the lead is converted into oxide, which is partly 
volatilised and partly absorbed by the cupel. The silver remains on thi' 
surface of the cupel as a small globule, which is detached and weighed. 

576. Preparation of Bone ash Cupels.— Cupels may either be pur 
chased, or they may be prepared as follows : 

Some finely powdered bone-ash is sprinkled and well mixed in a moilar 
with sufficient water to cause it to hold together when it is pressed witli 
the hands, but the mixture must not be so wet as to soil the hands. 

The moistened bone-ash is introduced into a suitable mould, a plug 
jjlaced upon the bone-ash and is struck sharply with a hammer several times. 
The cupel thus formed is detached f;om the mould and dried at a genlk 
heat in the air : it should not be used until it is at least ten days old. 

577. The Process of Cupellation.— Place one of the cupels in the hot 
mutfle and heat it to bright redness for about ten minutes, so as to drive off 
all the moi8tur6. 

Drop the button of lead (572) into the heated cupel by means of the assay- 
tongs, and close the muffle-door. A black crust will form on the surface ol 
the lead, but this will disappear in a short time, leaving the button brightei 
than the cupel. If this “ clearing ” does not take place, drop a little powderc(’ 
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charcoal, wrapped in tissue-paper, into the cupel, and raise the temperature 
of the muffle. If the clearing does not now appear, start with a fresh button, 
and apply a higher temperature. 

As soon as the button is “ clear,” reduce the draught of the furnace, 
and allow a little air to enter by the muffle-door; also let the temperature 
fall somewhat, since the temperature at starting is higher than is needed 
during the oxidation of the lead, and might give rise to loss of silver by 
volatilisation. Towards the end of the process, raise the temperature again 
by closing the muffle-door and increasing the di-aught. 

The final stage is easily recognised, since the thin layer of oxide is reduced 
to a film producing iridescent colours, and these suddenly disappear when 
the operation is finished. When the cupel is removed from the muffle, the 
globule of silver suddenly glows and solidifies. 

Now remove the cupel from the muffle, and allow it to cool {Note). Dclneh 
the bead, hammer it out on a small anvil, and finally clean it with a hard brush. 
Weigh the bead carefully on a very delicate balancoi and calculate the weight 
of silver present in the lead, stating the result in troy-ounces per ton of lead. 

Note . — If the silver bead is not very small, there is ri'ik of “ spitting ” taking 
place during its cooling, which is due to the evolutiou of oxygen absorbed by the 
li(piid metal. This may give rise to serious loss of the metal. It can be avoided 
by making the procc.ss of cooling very slow, preferably by covering the cupel with 
another hot cupel before removing it from the muffle and allowing the two to cool 
together. 


Dry Assay of Gold Quartz. 

578 . Since the amount of gold in gold-ores rarely exceeds 2 ounces per 
ton, and i.s usually much less than this, it is necessary to extract the metal 
with great care. The process is divided into three parts. 

(1) The ore is heated with lead oxide and a flux, and the lead thus 

produced extracts the gold and silver from the ore. 

(2) The lead button is cupelled, and the silver and gold are left on the 

cupel. 

(3) The gold is “ parted” from the silver, by dissolving out the latter 

witli nitric acid. 

579* Concentration of the Gold. — Powder the ore and pass it through 

the finest brass-wire sieve ( 56 )' Weigh out 50 grams of the powdered ore, or 
100 grams if the ore is a very poor one, or 32*7 grams for one assay-ton 
(582, b), and mix this intimately with the flux in the proportions stated in 
grams in the first tw'o columns and for the assay-ton proportions in the third 
eolumn, 
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Quartz-ore . 

. 50 

100 

CO 

Red Lead ( 582 ) 

. 40 

40 

30 

Na 2 C 03 . . . 

. 75 

125 

40 

Borax . . . . , 

. . 15 

25 

5 

Flour 

• . 4-5 

4-5 

4*5 

Charcoal . . . , 

. 1-5 

1-5 

1-5 


Glass powder may also bo added when mixing, if it is found necessary 
to increase the fluidity for “ pouring.” 

Transfer the mixture to a smooth fire-clay crucible, which is then covered 
with tile lid and heated in a wind-furnace. The heat at first must not bo 
too great, but must bo raised considerably before “ pouring ” into a warm 
conical iron mould. Detach the lead button from the glass-like slag, which 
should separate easily and must contain no particles of lead. 

The slag from rich ores may contain particles of lead : if this is the case 
it should bo crushed and mixed with 20 parts of red lead, 5 of NagCOs, and 1 of 
charcoal, and heated once more. The lead button thus obtained is added 
to that already obtained. 

580 . Cupellation. — The load button is now cupelled (577)» 
temperature being used so as to separate the coppe^r completely^ A lii,^h 
temiieraturo may be safely used, since gold is much less volatile than silver. 
The button of gold and silver is then cleaned and weighed. 

581 . Parting. — The process of “ parting ” consists in dissolving out 
the silver from the gold by means of nitric acid. 

If the bead is yellow, it contains more than 50 per cent, of gold. If it 
contains more than 30 per cent, of gold, the gold will retain silver after Iho 
parting : but if not more than 30 per cent, of gold is present, the whole of tlm 
silver will be dissolved. The presence of too much silver causes the gold 
to be left as a powder which is difficult to manipulate. The most convenient 
proportions arc 2-5 parts of silver to 1 part of gold. 

If the gold docs not exceed 30 per cent., flatten out he herd by carefully 
hammering it. If the bead is large, anneal it occasionally by heating it In 
redness on charcoal in the blowpipe-flame. In any case, finally anneal the 
flattened button before “ parting ” it. 

Now heat a little strong nitric acid, diluted with twice its volume of 
water, nearly to boihng in a tube, and drop into it the weighed button. Keep 
the liquid at this temperature for ten minutes, then pour off the acid, and 
heat the button with nitric acid diluted with an equal volume of water, boil 
for several minutes, then" pour off the acid, and wash the residue with distilled 
water. 

Fill up the tube with water, cover the open end with a small porcelain 
crucible and quickly invert the tube, carefully avoiding loss. The gold will 
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Bettio down to the bottom of the crucible. Then remove the tube and water, 
and drain ofT the water from the crucible ; dry the gold, and heat it until it 
changes from a dark red to a yellow colour. Now cool the metal, transfer 
it to a watch-glass, and weigh it accurately. From this result calculate the 
weight of gold present in the ore, stating the result as ounces per ton. 

If the button contains more than 30 per cent, of gold before “ parting,” 
it will retain silver. In .such a case sufficient silver is added to raise the pro- 
portions to 2‘6 part.s of silver to 1 part of gold, and the parting is repeated 
with this alloy. 

If the gold weighs only 2 or .3 milligrams, the requisite quantity of silver 
may be alloyed with it by simple fusion on a clean cupel before the blowpipe. 

If the amount of gold exceeds a few milligrams, weigh out the required 
amount of silver, wrap the silver and gold together in 1 gram of sheet-lead 
( 582 )» and cupel the metals ; then flatten, anneal, and “ part ” the gold button. 
The gold will now be free from silver, and may be weighed on a very delicate 
balance, and the weight of gold calculated as ounces per ton of ore. 

582. The Silver which is introduced in the Eed Lead, and subsequently 
in the metallic lead, must be estimated and allowed for. The silver is usually 
estimated by cupellation (573, 577), but it may bo determined in the nitric 
acid solution of the lead as is described in paragraph 4.84* 

* (ft-) Example of Ck>ld-ore Assay. — 60 grams of ore wore fused with flux, and a 
lead button was obtained which gave on cupellation a yellow bead weighing 2 '5 
milligrams. Before “ parting,” tho bead was recupelled with 2 milligrams of 
silver. After parting, the white bead yiekiod 1 milligram of gold. 

Bearing in mind that the number of grains in one ton >=2240 x 7000, and that 
there are 480 grains in 1 ounce Troy, the weight of gold present in tho ore is calcu- 
lated as grains and then as ounces per ton, as follows : 

The weight of gold = -- ^ « 313 6 grains per ton of ore. 

ol) 

313*6 

= = 0’65 ounce per ton of ore. 

From the above results, the weight of Ag in the button = 3’6 milligrams. 
Subtracting the weight of Ag in the red lead used M'i _ „ , 
and the weight of Ag added , . . . 2 0/ ~ ' ” 

the weight of silver from tho ore = 0*4 
Therefore by calculation from this result, as above : 

Tho weight of silver = 0-26 ounce per ton of ore. 

(b.) If 32-7 grams, or one ” assay- ton ” of ore was used for the assay, the number 
of railligraras of gold or of silver obtained represent at onoo the number of ounces 
of the metal in one ton of tho ore. The assay ton figure is obtained by dividing 

the aumbor of troy-ounces in the English ton by 1000, thus ^ =» 32*7. 

The American ton of 2000 lbs. is sometimes used, and in that case the weight of 
Qre required would be 20-17 grams. 

19 
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Dry Assay ok Tin- ore. 

583 . Oassitcritc, “tinstone,” or “black tin” is the ordinary tin-oro of 
commerce. This mineral consists mainly of SnOg. If it is fairly free from 
quartz and other “ gangue,” it may be conveniently assayed in the following 
manner : 

20 grams of the finely-powdered ore are boiled for about half an hour witli 
50 e.c. of strong HOI, 15 c.c. of strong HNOg are then added to the cool liquid 
and the mixture is again heated for about the same time. The hot liquid 
is then diluted with about 120 c.c. of water, the whole is stirred well, allowed 
to settle and filtered. The residue is well washed several times with hot walor 
in the same way, and then several times with dilute ammonium hydroxid(! 
solution to ensure the separation of the Umgsten. It is finally well washed in 
the filter-pa}ier, and is then dried and ignited with the paper in a small clay 
crucible. 

The residue is now intimately mixed with 40 grams of potassium cyanide, 
and after placing half this quantity of the cyanide in the bottom of the 
crucible, the above mixture is added and is then covered with another 20 grams 
of the cyanide. The crucible is now placed in a wind-furnace and is main- 
tained at a red heat for about half an hour, and its contents arc then poured 
into a conical iron mould and allow'ed to cool. The button of tin is removed 
frojii below the saline mass and is cleaned and weighed as usual. 

The result furnished by the above assay is usually sufficiently accurate 
for commercial purpose.s : but if a more exact determination of tin is required, 
the button may be dissolved in hydrochloric acid out of contact with the air 
( 305 ) and the stannous chloride titrated by iodine solution ( 338 ). 
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600. Introductory Remarks.— The chemical examination of water is 
usually undertaken in order to ascertain the suitability of the water for 
drinking, or for technical purposes. 

If the fitness of a particular water-supply for the purpose of washing with 
soap, or of raising steam, is to bo ascertained, the examination may be restricted 
to certain determinations of its mineral constituents, such as total solid residue, 
permanent and temporary hardness, and acidity. 

If, however, the suitability of the water for drinking purposes is to be 
determined, it often iwcomes necessary to estimate the amount of certain 
substances which may be hurtful to health. Some of these are of a mineral 
character, such as lead salts. But commonly the most serious and dangerous 
contamination to be anticipated is that arising from drainage or sewage. 
The introduction of such animal refuse is frequently indicated by the 
presence of an abnormal proportion of ammonium compounds, of chlorides, 
or of nitrites or nitrates in the water. These indications are usually valuable, 
but they arc only of importance when no other source of these substances is 
possible. 

The detection of more recent sewage contamination, in the form of organic 
matter, involves the application of certain special processes. The process 
of combustion, introduced by Frankland and Armstrong, estimates the 
absolute amounts of organic carbon and nitrogen which are present in the 
residue obtained by evaporation of the water, and from the absolute and 
relative amounts of these elements the existence and extent of recent sewage 
contamination are deduced. 

This process, however, involves the use of special apparatus, and also 
requires a somewhat considerable expenditure of time and skill. Hence other 
processes for estimating organic matter in water, which are more simple and 
expeditious, have been more generally adopted by analysts. These processes 
are described in the text, and the student is referred to Frankland's Water 
Analysis, or to the description of this process in Suttori's Volumetric Analysis, 
tor an account of the combustion method. 

Reference should be made to paragraphs 646- 6153 for a consideration of 
29\ 
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the results obtained by the chemical examination of water and the inferences 
to be drawn from them. 


Collection and Inspection of the Sampt.e. 

6oi. Collection of the Sample of Water. — Samples of water are 
most conveniently collected and stored in Winchester quart bottles. These 
bottles are made of good quality glass, and are provided with accurately 
iitting stoppers. Each Ix^ttle holds about 2400 c.c. For an ordinary analysis 
one Winchester quart bottle filk'd with the water will bo found sufficient. 

Before the bottle is filled with the water-sample, it should be well washed 
out with water, and then allowed to drain in an inverted position. Bolfles 
which have been used for acids should be preferred, since they are most 
readily cleansed. 

The use of stoneware bottles and of corks in storing water-samples is to lie 
condemned. 

Before the bottles are filled, they should bo rinsed out two or three times 
with the water. When the water is to be collected from a river or sprinp 
the bottle is totally immersed in the water, and is thus filled to within half 
an inch of the bottom of the stopper. If the water is supplied from a pump 
or tap, several gallons should be allowed to flow away before the sample is 
taken. A sample of a town supply must be drawn direct from the street- 
mains, and not from a storage-cistern. 

The stopper is inserted as soon as the bottle has been filled. It should 
be held in its seat by drawing down tightly over it a piece of sheet rubber, 
or of clean calico or linen rag, the edges of which are firmly tied round just 
beneath the projecting edge of the neck with string or with thin copper binding 
wire. The fastening should be sealed with sealing-wax. No lute or other 
material, which might find its way into the bottle when the stopper is removed, 
must be employed. 

Samples of water should be stored in a cold, dark room or cellar. 

602. Order of Work.— In carrying out the following estimations, 
the order in which they are to be started should be carefully considered, with 
the view of economising time as far as possible. Experience has shown that 
if the processes are started in the order in which they are described in the text, 
this end will generally be best secured. 

Ammonia and organic matter should be determined as soon as possible 
after the sample has been collected, and immediately after the bottle has been 
opened, since these constituents often suffer rapid change in amount when the 
water is kept or is expo^ to the air. The water in the bottle should he 
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shaken up l)efore any portion is poured oil for analysis, in order to maintain 
its uniformity of composition. 

It is usually unneco.ssary to carry out the whole of the following estimations 
on any one sample of water, and the analyst must select those which give the 
necessary information in each case. Thus, water which is to be used in a steam 
boiler should bo free from acidity, contain but little dissolved solids, and have low 
hardness ; and in water used for washing and dyeing, low hardness and absence 
of iron are of special importance. 

603 . The Colour of the Water is observed by pouring it into a tall 
narrow cylinder of white glass, and looking down the cylinder upon a white 
surface. The tint should be compared with that of a sample of pure water. 
The cylinder, or tube, in which this teat ia made, should be about 60 cm. in 
length. 

The Taste and Smell of the water are usually observed after it has 
been gently heated. 

Acidity.— Pure natural water is usually slightly alkaline in reaction, 
and a strip of neutral litmus-paper ( 265 ) immersed in it for 15 minutes 
becomes distinctly blue. Acid reaction usually indicakis the presence in the 
water of manufacturers’ waste or of mine products. 


Examination of the Suspended Matter. 

604. Chemical Examination of the Suspended Matter. —The 
presence of suspended matter in water usually indicates imperfect filtration, 
but it may be due to the action of the water on lead ( 638 ), and to other causes. 
It is not usual to filter the water before analysis unless it is distinctly 
turbid. If, however, much suspended matter is present, its amount may 
be estimated and the water may at the same time be rendered clear, by pro- 
ceeding as is directed under (a) or (b) below. 

(a) The necessary quantity of water is passed through an unwashed 
filter which has been dried at 110“ C. until its weight is constant ( 61 ), and 
the weight of the suspended matter in the filler is determined as is directed 
below. The first part of the filtrate ie rejected, or is used only for the deter- 
mination of total solids, chloride, nitrate, hardness. The latter portion of 
the filtrate", or another portion of the sample which has become clear by 
subsidence, is employed for determining ammonia and dissolved organic 
matter. 

The suspended matter js washed in the filter with distilled water, and 
is dried at 110° C. until its weight is constant. 
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The increase of weight of the filter will give t he total weight of suspended 
matter in the volume of water used, which will usually be one or two litres. 
The weight of dry suspended matter in parts per 100,00() is therefore found 
by multiplying this result by 100 or by 50. 

Now burn off the organic matter from the residue, and incinerate the 
filter in a platinum crucible (lOI) : or if the suspended matter is small in 
amount and adheres to the filter, cut the filter up into strips with a clean 
pair of scissors, and incinerate it in the platinum crucible. As soon as all 
the carbon has been burnt away, rccarbonate the residue by atlding a few drops 
of ammonium carbonate solution ; then ignite it again at a low temperature, 
and weigh it when it is cold. 

This weight, less that of the filter-ash, will bo the weight of inorganic 
suspended matter. Calculate from this the weight in parts per 100,000. The 
difference between this number and the one previously obtained for the 
total suspended matter, represents the amount of organic suspended matter. 

(b) If the filtered water must bo used for determining the ammonia and organic 
matter, pour several litres of distilled water, free from ammonia, through a 10 cm. 
dried and weighed filter-paper. This will dls.solve out the ammonia which may 
bo present in the paper. Ascertain that the water, which passes through the 
filter, has ceased to dissolve out any ammonia, by adding to the last portion of it 
2 c.c. of Nessler solution (6o8) : the water must remain colourless after standing 
for five minutes (6l0). 

Then fit the filter into a funnel. Shake up the sample of water in the bottle, 
and pour a measured quantity —.say 2 litres — of the water through the filler, 
receiving the water in a clean dry Winchester quart bottle, 'J'his water is used 
for the determination of ammonia and organic matter, and the suspended matter 
in the filter is weighed as is directed under (a). 

605. Microscopic Examination of the Suspended Matter.— h 
Is advisable to examine the suspended matter under the microscope. For 
this purpose allow the water to remain in a tall cylinder for several horn's, 
until the suspended matter has been deposited. Carefully pour off the clear 
supernatant water as completely as possible ; then transfer a drop of the residual 
liquid to a glass slide, and examine it with a one-sixth objective. Take 
special care to look for fibres of wool, hair, muscular tissue, or any kind of 
animal matter which would be indicative of sewage. The presence of organisms 
should be carefully noted, and the presence of chlorophyll granules and ceils 
will indicate vegetable matter. 


Estimation of the Total Dissolved Solids. 

606. Rinse a clean platinum or porcelain evaporating-dish with distilled 
water, heat it to redness, then allow it to cool in a desiccator and weigh it 
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carefully. Place the upon a glass ring on the water- hath, or on a beaker 
of suitable size placed on a tripod stand (72). The bath or beaker should be 
about two-thirds fdled with water, and a few small pieces of i)aper should be 
thrown into the water if a beaker is used, in order to prevent the water 
from bumping while it is boiling. 

Now mea.sure out 600 c.c. of the water in a graduated delivering- flask 
and fill the dish to within about 1 cm. from its edge with the water. The 
volume of the water used may be reduced if much dis.solved solid matter i.s 
present. As the liquid evaporates, continually add more of the water, until 
the whole of it has been transferred to the dish. When all the water has 
evaporated, cleanse and dry the outside of the dish, then place it in the 
Bteam-oven, and heat it until its weight is constant. 

Since the residue in the dish is often hygroscopic, the weighing must be 
performed rapidly and as soon as the dish is cold. It is even advisable to 
cover the dish with a plate of mica, which has been weighed with the empty 
dish. 

The residue should be reserved in the dish for the estimation of nitrate 

(621). 

For the Interpretation of the Results see paragraph 646. 


Estimation op Ammonia. 

607* All processes connected with this estimation must bo conducted in 
a room which contains no ammonium salts or other sources of ammonia. 

I’lie estimation should be made as soon jis possible after the collection of 
the sample, and jmrnediately after the bottle has been opened. 

The process depends upon the fact that when the water is distilled with 
a little sodium carbonate, the whole of the ammonia, which is present in the 
water either in the free or in the combined state, pa.^se3 over in the first portion 
of the distillate, and may be estimated by the addition of Ncssler solution. 

Xessler solution gives a yellow or brown coloration with ammonia or 
arniuonium salts, the intensity of the colour increasing with the proportion 
of ammonia present. 

The colour produced in the distillate by the Nessler solution is accordingly 
exactly matched, by adding the same quantity of the Nessler solution to the 
same volume of pure water, to which a suitable and known amount of standard 
ammonium chloride solution has been added. The quantity of ammonia in 
the distillate is then equal to that in the ammonium chloride used. 

The FolFowing Requisites (608-613) must be provided for this estimation. 
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608. Nessler Solution.— Three litres of this solution may bo pre- 
pai’ed according to the following directions, but a smaller volume will usually 
suffice, and may bo made from proportionately smaller quantities of materials. 

Dissolve 180 grams of potassium iodide in 250 c.c. of water and pour this 
solution upon 70 grams of mercuric chloride contained in a glazed porcelain 
mortar ; then triturate the mixture until the solid matter is dissolved, and make 
up the whole to 2500 c.c. by the addition of water. Now add 454 grams 
of caustic potash in sticks, allpw the substanee to dissolve, and when the 
liquid has cooled add saturated solution of mercuric chloride gradually 
in sufficient quantity to form a slight permanent precipitate. Dilute this 
solution to three litres, allow it to become clear by standing, and then care 
fully decant the clear li<juid. 

Keep this Nessler solution in bottles which are clo.sed with wcll-tittin;^ 
rubber stoppers, and decant a portion of the clear solution from time to time 
into a smaller bottle for use. 

It will bo found convenient to fit a perforated rubber stopper into the 
neck of the small bottle. A gloss tube, with 1 c.c. and 2 c.c. marks upon il, 
passes through this stopper, and serves to measure out and deliver the required 
quantity of the solution. 


609. Standard Ammonium Chloride Soljjtion. -Weigh out accu- 
rately 3'14 grams of pure rccrystallised ammonium chloride. D,|^solve it 
in water, and make the solution up ta a litre. This solution is too strong 
for use, but it is of convenient strength for a stock solution. When the 
standard solution is required, dilute 10 c.c. of the stock solution to a litre. 
Each c.c. of the diluted solution corresponds to 0 (X)001 gram of NH 3 . 


610 . Water Free from Ammonia. — Ordinary distilled or soft water 
fiequcntly contains sufficient ammonia to render it unfit fortlse in the estima- 
tion of ammonia. In order to ascertain whether ammonia is present, a .sm illj 
glass cylinder ( 6 ll)is nearly filled with the distilled water, 2 c.c. of Nessler 
solution ( 608 ) are added, and the liquids are mixed by stirring. The cylinder 
is then placed on a white surface, and if no yellow coloration appears after 
standing for five minutes the water is sufficiently pure for use. f 

If, however, a yellow or brown coloration appears, proceed to distil the 
water in the following way ; Pour the water into a large flask ( 6 l 2 ), and add 
abput a gram of sodium carbonate prepared by the recent ignition of sodium 
carbonate crystals ( 613 ). Connect the flask with a condenser (IO 16 ), and 
then boil the water. After rejecting the first portion of the distillate, 
collect the remainder in a small glass cylinder ( 61 I) and test it with Nessler 
solution in the way which has just been described. 

As soon as the distillate ceases to give a coloration with Nessler solution 
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collect it in a clean Winchester quart bottle, and keep the tightly stoppered 

bottle in a room which contains no ammonium salts or otiier sources of 
ammonia. 

Instead of adding sodium carbonate to the water in order to get rid of the 
ammonia as is directed above, the ammonia may be retained in the water 
in the flask during the process of distillation by the addition of a few drops 
of dilute sulphuric acid ; the whole of the distillate will then be free from 
ammonia. 

6 11. The Glass Cylinders which are used in this j)roce83 should be made of 
perfectly colourless glass : they are 15 cm. in height and 4 cm. in diameter, arid 
the capacity of 60 c.c. is marked upon the side. It is e.s.sential that they should 
be anifonn in size and capacity. Similar cylinders of 100 c.c. capacity arc useful 
for other processes described later on. 

6 12. Distillation Flask. — If tlie flask which is used for the distillation is 
fitted with a laibbcr cork, it freipiently happens that the distillute is contaminated 
with ammonia for a long time. With some rubber corks it is impossible to obtain 
ammonia-free water. 

A convenient flask, which does away with this source of trouble, is a round 
fractionaffcg flask of noi' less than 2 litres capacity, with the ordinary side-tubo 
fused upon the side of the nock (Fig. 19, p. 23). Its neck is closed by a well-fitting 
glass stopper, which has been ground in by means of fine emery-powder and water. 
In place of the stopper a wcU-Htting cork covered with tin-foil may bo used. The 
side-tube is passed to a distance of about 10 cm. down the inner tube of the 
condenser, and should bo of such diameter as to fit into this tube precisely. By 
this arrangement the contact of the steam with rubber is- prevented. 

613. Sodium Carbonate Crystals do not usually contain ammonia, which is 
however often present in other form.s of the salt. Since it i«> dilhcult to remove this 
impurity by ignition, and its pre.sence renders tlie .salt unsuitable for this 
estimation, the sodium carbonate should be dis.solved and tested with Nessler- 
solution (610) before it is used. 

614. The Process of Estimating Ammonia.- The following prelimi- 
nary test is miffle for the purpose of ascertaining what amount of water 
should be used for the more exact determination of the ammonia. 

■50 c.c. o^the water under examination are mea.sured into a glass cylinder 
(61 1), and the cylinder is placed upon a white tile. 2 c.c, of Nessler solution 
(60S) are added to the water, and the liquid is then well stirred. 

60 c.c. of the distilled water free from ammonia (61O) are now poured into 
a second cylinder, 0’5 0.0. of the dilute standard ammonium chloride solution 
{609) is added, and the liquid is mixed with 2 c.c. of Nessler solution. 

If the intensity of colour in both cylinders is about the same, after they 
bave been allowed to stand for about five minutes, half a litre of the water 
•bay be used for the determination of the ammonia. 
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If the coloration produced by the water-sample is less or greater than that 
of the standard, a proportionately larger or smaller quantity of the vvater 
must be used. A little experience will render it possible to judge the ctmouiit 
of water to be used for the distillation, after merely inspecting the colour 
which is obtained in the preliminary experiment. 

It should bo remembered that the coloration, which corresponds to that 
given by about 2 c.c. of the standard ammonium chloride solution, is moat 
suitable for accurately determining ammonia by this process. 

(a) ProceM of Distillation. — Now adapt the distillation-flask to the con 
denser ( 6 l 2 ), and proceed to free the apparatus from ammonia as follows, 
Pour into th(i flask about 250 c.c. of water free from ammonia ( 6 lO), and add 
a gram of recently ignited sodium carbonate (613). Heat the flask with an 
Argand burner ( 95 ), or with a Bunsen burner which is raised to within about 

1 cm. from the bottom of the flask so as to flatten out the flame. 

When the liquid boils briskly, allow the steam to blow through the whole 
apparatus for a few minutes. Then continue the distillation, condensing 
the steam, until about 50 c.c. of water have been collected in one of the glass 
cylinders { 61 I), and test this for ammonia by adding 2 0 . 0 . of the Nessler 
solution. If any coloration is seen, distil over about 50 c.o. more of iho 
water into a fresh cylinder and test again with Nesslor solution. Continue 
this procedure until no ammonia can be found in the last portion of the 
distillate. The ap{)aratu 8 has now been freed from ammonia. 

Pour the requisite quantity of the water under examination into the flask, 
and distil over three separate portions of about 60 c.c. each into three cylinders, 
Reserve these in the order in which they have been collected. Then allow 
the apparatus and its contents to stand by undisturbed for the subsequent 
determination of the “ albuminoid ammonia” (615). 

(b) Process of ” N easlerisingP — Add to the contents of the second of 
the test-cylinders which contain the distillate, 2 c.o. of Nessler solution, stif 
well, and place the cylinder on a white tile. Now make a comparison-ta^t 
by dropping into a clean empty cylinder 1 c.c. of the standard ammonium 
chloride solution from a burette, adding 50 c.c. of ammonia-free water and 

2 c.o. of Nessler solution, and mixing the liquids by stirring. Allow both 
the cylinders to stand for five minutes before their tints are compared. 

If the intensity of colour in the two cylinders is not the same, throw away 
the contents of the comparison-cylinder and rinse it out with water. Ihop 
into the cylinder either more or lees of the ammonium chloride solution, 
may be considered necessary, and pour in 60 c.c. of the ammonia-free distilled 
water. Now mix the liquid with 2 c.c. of Nessler solution, allow the cylinder 
to stand for five minutes, and compare the coloration with that in the test- 
cylinder. 
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These operations are repeated, if necessary, until the colour in the test- 
cylinder matches that in the comparison-cylinder : the volume of the ammo- 
nium chloride solution which has been required is then noted down. 

The process may usually be hastened by preparing four standard cylinders 
containing 0’5, 1, 2 and 3 c.o. respectively of the ammonium chloride solution, 
together with the ammonia-free water and Nessler solution, and judging the 
value of any slight variation of colour-intensity from any one of these. 

rho addition of the ammonium chloride solution to the wafer must always 
pret'odc that of the Nessler solution, ctsc the liquid will become turbid and an 
accurate compaiisou of the colours will be impossible. 

The distillate in the third cylinder may now be tested in the .same way 
with the Nessler solution. It will usually be found to contain no ammonia. 
But if it requires more than 1 c.c, of the standard ammonium chloride solution, 
the distillation must be continued, and a fourth cylinder must be collected 
and tested. 

If the colour given by the second cylinder does not require more than 1'5 
c.o. of the ammonium chloride solution to match it, the first cylinder may 
be tested at once in the same way as the second. 

If more than 1'5 c.c. of the ammonium chloride solution is required to 
match the second cylinder, the whole of the first di.sti!late must not be mixed 
with the Nessler solution, else the colour produced would be too intense to 
allow of accurate judgment. In this case the volume of the first distillate is 
ascertained, and 26 c.o. or even less of the distillate are then diluted to 50 c.c. 
with ammonia-free water, and are tested with the Nessler solution in the 
manner already described. The total amotmt of the ammonium chloride 
solution, which would correspond to the ammonia in the distillate in the 
fii'st cylinder, is then calculated. 

The separate amounts of ammonium chloride required by the different 
portions of the distillate are now added together, the weight of ammonia 
present in the chloride is calculated, and from this the weight of ammonia 
contained in 100,000 parts of the water is found. 

Example. — The first cylinder of the distillate from 600 c.c. of the water required 
3 C.C., and the second 1*6 o.o. of the ammonium chloride solution ; the total amount 
used was therefore 3 - 1 - T 6 «= 4'6 c.o. Hence it follows that half a litre, or 500 
grams, of the water contains 4'5 x O'OOOOl =» 0*000046 gram of NH^, and the 
water contains 0*000045 x 200 -= 0*009 part of NH, per 100,000. 

for Interpretation of tlie Results refer to paragraph 647 . 
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Estimation of Albuminoid Ammonia. 

615. Estimation of Albuminoid Ammonia. — When an organic sub- 
stance containing nitrogen is mixed with alkaline potassium permanganate 
solution and the liquid is boiled, either a portion or the whole of its nitrogen 
is evolved as ammonia. The ammonia thus generated has been termed 
“ albuminoid ammonia.” 

The fraction of the total nitrogen, which is thus converted into ammonia, 
appears to be definite for any one organic substance ; but the fractions of 
the total nitrogen evolved as ammonia from difTerent substances vary greatly. 
Hence this method would be of no value for estimating the amount of sewago 
contamination in a water, if the nitrogenous organic matter in sewage were 
not fairly uniform in its character. It is maintained that in ordinary water 
containing sewago, “ the disintegrating animal refuse is pretty fairly measured 
by ten times the albuminoid ammonia which it yields.” 

Sewage or sewago effluents, and liquids which contain much nitrogenous organic 
matter, may be acidified and evaporated, and the residue may be treated by the 
Kjcldahl process (807). The total nitrogen Is thus estimated as, ammonia. 

For the estimation of albunnnoid ammonia, an alkaline solution of potas- 
sium permanganate is required, in addition to the requisites for the process 
of estimating ammonia (608-613). 

616. Preparation of Alkaline Potassium Permanganate Solution. 
—Pour about 44 c.c. of distilled water into a flask, add 10 grams of 
potassium hydrate and 0’5 gram of potassium permanganate. While the 
distillation of the water for the estimation of ammonia is proceeding (614)' 
boil the above liquid vigorously in the open flask. As soon as the liquid has 
been boiled down to about half its original volume, it is free from ammoiua 
and is ready for use in estimating the albuminoid ammonia. 

617. The Process of Estimating "Albuminoid Ammonia.”— Add 
the alkaline potassium permanganate solution (616) to the liquid which is 
left in the distillation-flask after the estimation of ‘the ammonia (614, 2.) ; 
then |)our in sufficient ammonia-free water (61O) to bring up the volume to 
about half a litre. 

, Boil the contents of the distillation-flask over an Argand flame (95). 
over a naked Bunsen flame flattened against the bottom of the flask, until 
at least four 60 o.c. portions have been collected in separate cylinders (6l I)* 
Teat each of these portions with Nessler solution, starting with the last one, 
and reject any portions of the distillate which are practically free horn 


ammonia. 
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If the quantity of ammonia in the distillate is believed to be small, the 
cylinders toay be “ Nesslerised ” in the manner described in paragraph 614 , h. 
If much NH 3 is present, either proceed os is there directed, or mix the 
several portions of the distillate together, measure the volume of the mixture, 
and estimate the ammonia in 50 o.c. of it with the Nessler solution : then 
calculate the amount of ammonia present in the whole of the mixture. 

From the whole amount of “ albuminoid ammonia,” which has been found 
in the distillate, the weight which is present in 100,000 of the water is found, 
as is shown in the Example (614). 

For the Interpretation of the Results refer to paragraph 648 . 


Estimation of the Organic Matter. 

618. Estimation of the Oxygen Consumed by the Organic Matter, 
by the Forschammer or Oxygen Process.— This process enables a 
judgment to bo formed as to the total amount of oxidisable matter present in 
water. In the absence of nitrite and of other inorganic reducing substances, 
the amount of oxygen which is required for the oxidation of the organic 
matter can be accurately determined by this process. 

The process consists in mixing a known volume of the acidified water 
with a known volume in excess of standard potassium permanganate solution. 
The mixture is allowed to stafid for a definite time at a definite temperature, 
and the organic matter in the water is thus oxidised. Theoxc&ss of the 
permanganate remaining after the oxidation is then estimated, and is sub- 
tracted from the amount originally added. The result is the amount of 
permanganate which has been required to oxidise the organic matter. 

It is best to mix two samples of the water with the permanganate, and to 
expose them to a temperature of 27® C. The first is maintained at this tem- 
perature for fifteen minutes, and the second for four hours. This procedure 
gives some indication of the nature of the reducing substance, since nitrites, 
ferrous salts or sulphuretted hydrogen will effect reduction immediately, 
whereas a relatively large amount of ordinary organic matter will only reduce 
the permanganate after a considerable time. 

The Following Solutions are required for this process i 

(a) Solution of Potassium Permanganate.— Bissohe 0*396 gram of pure 
potassium permanganate in 1000 0 . 0 . of water. Each 0 . 0 . of this solution 
contains 0*0001 gram of oxygen available for oxidation. 

(h) Sodium Thiosulphate Solution . — Dissolve 2*6 grams of pure re- 
cryetallised sodium thiosulphate in a litre of water, 
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(C) Dilute Sulphuric i4arf.— Dilute 1 volume of pure strong sulphuric 
acid with IT volumes of water, and add KMn 04 solution to the liquid until 
a very faint but permanent pink coloration is obtained. 

(d) Potassium Iodide Solution. — J)i.ssolve 1 part of pure recrystallised 
potassium iodide in 10 parts of wator. 

(e) Starch Solution . — Dissolve 1 part of starch in 100 parts of boi|ing 
water (333), and use the clear cold solution. 

The Process of Estimating the Oxygen required by the Organic 
Matter. —Rinse out two 500 o.o. stoppered flasks (A, B), first with strong 
sidphiirio acid to destroy organic matter, and then with distilled water. 
Measure into each flask 250 c.c. of the water under examination. Place the 
flasks in a water-bath or air-bath which is kept at a temperature of 2T C. 
by means of a suitable regulator. When the contents of the flask have 
attained the temperature of 27® C. measure into each of them 10 c.c. of the 
standard potassium permanganate solution (a), and 10 c.c. of the dilute 
sulphuric acid (c), and mix the liquids by shaking them round in the flask. 
Then restopper the flasks and place them again in the bath. 

If the pink colour at any time disappears from the water in the flask, 
start the process afresh with 20 c.c. of the permanganate solution ; and it 
the pink colour is seen to bo diminishing rapidly, add a further 10 c.c. of 
permanganate solution. 

At the expiration of fifteen minutes take flask (A) out of the bath and 
add a little potassium iodide solution (d). The pink colour of the perman- 
ganate will change to yellow, since the oxygen of the pei manganate liberates 
its equivalent of iodine. Now add the thiosulphate solution (b) from a 
burette, until the colour of the liquid in the flask fades to a pale straw tint. 
At this stage add 1 c.c. of frc.sh starch solution (e). A deep blue colour will 
appear: proceed to add more thiosulphate solution gradually until this 
colour entirely disappears. 

After the other flask (B) has been kept for four hours at 27® C. take it out 
of the bath and titrate its contents in a similar way. 

Then proceed to titrate the standard thiosulphate solution (b), since 
although the solution may retain its strength for a few days, it is subject to 
•apid change. To 250 c.c. of pure recently distilled water (IOl5)add 10 c.c. 
of the sulphuric acid (c), 10 c.c. of the permanganate solution (a), and a few 
drops of the potassium iodide solution (d), and titrate this liquid as is directed 
above. 

The Process of Calculation.— Let x represent the number of c.c. of 
thiosulphate solution which have been used in the titration of the permanga- 
nate in the distilled water, and y the number of c.c. used in the titration of 
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the permanganate in the water under examination. 'J'hen a: - is the ntinilvor 
of c.c. of .thiosulphate solution which are equivalent to the permanganate 
reduced by the organic matter in the water. 

Further, if the amount of available oxygen in the 10 c.c. of permanganate 
originally added is represented by a, then the weight of oxygen required to 

{x - y)n 

oxidise the organic matter in 250 c.c. of the water will bo - ^ • Hut 

a - 0 001 gram of oxygen, and 250 c.c. of water were used, therefore the 
amount of oxygen consumed by 100,000 parts of tlie water 
{x-y) X 0-0 01 X _ (f - ;v)0-4 ^ 

“ XX 260 ~ X 

Example.— In a particular estimation 16 c.c. of the standard thiosulphate 
solution wore required for the distilled water, and 10 c.c. for the water under 
examination. The amount of oxygen corwumed by 100,000 parts would 

accordingly be in this case — — — *= 0 067. 

Factors for Calculation of the Organic Matter, —At tempts have 
been made to calculate the amount of organic matter in the water, from the 
quantity of oxygen which it consumes. It has been shown that no constant 
relation exists between the amount of oxygen consumed and the amount 
of organic matter present, except in the case of waters from a similar source, 
which have been oxidised at the same temperature. By employing a proper 
factor under these conditions, however, the approximate amount of organic 
cat bon can bo calculated from the oxygen consumed. 

Thus when oxidation has been effected at about C., the weight of organic 
carbon is equal to that of the oxygen consumed multiplied by 2-38, in the case of 
river-waters ; in the case of deep Mcll-watens the factor is 5'8, and factors have 
been deterniined for waters from other .sources. 

For the Interpretation of the Results refer to paragraph 649. 


Estimation of Chloride. 

619. Estimation of Chlorine present as Chloride. —Chlorine is 
usually present in water in the form of sodium chloride, and its pro{)ortion 
•8 frequently reported in forms of that salt. The process of estimating 
chloride in water is identical with that described in paragraph 373 , standard 
solution of silver nitrate being added to the water, which has been mixed 
u’ith potassium chromate solution to serve as an indicator. Accordingly 
the solutions required for the estimation are the following : 

la) Standard Solution of Silver iVtYrttfe.— Dissolve 2*3944 grams of pure 
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rccryHtallised silver nitrate in distilled water, and make the solution up to 
a litre. If 50 c.c. of water are used for the titration, 1 c.c. of this silver nitrate 
solution will represent 1 part of chlorine per 100,000 of the water. 

m 

(b) Solution of Potassum Chromate . — Dissolve 1 part of potassium 
chromate in 10 parts of water. The chromate solution must be freed from 
chloride hy adding solution of silver i^trate until a permanent red precipitate 
is ohtnined. and then filtering the liquid. 

The Process of Estimatins: Chloride.— Pour the silver nitrate solu- 
tion (a) into a burette, which is graduated into tenths of a c.c. Measure 
60 c.c. of the water into a porcelain dish, and add three drops of the potassium 
chromate solution (b). Now add the silver nitrate solution, drop by drop, 
until a faint but permanent red colour is imparted to the liq^ijd. This colour 
is due to the formation of silver chromate, after the whole of the chlorine 
has been precipitated as silver chloride. 

It will he found convenient, until experience has been gained, to prepare 
a similar dish containing 50 c.c. of water mixed with three drops of the potas 
sium chromate solution, to which silver nitrate solution has been added hut 
not in excess. The faintest appearance of a reddish tint in the test ilish 
will then be easily seen, if the two dishes.stand side hy side for comparison. 

The number of c.c. of the silver nitrate solution which have been used, 
represents the weight of chlorine present in 100,000 parts of the water, il 
60 c.c. of w'ater were used. 

For the Interpretation of the Results refer to paragraph 650. 


Estimation of Nitrite. 

620. Estimation of Nitrite.— When an acid solution of metapheny 
lene-diamine is brought into contact with a weak solution of nitrous .>ci4 
a reddish brown coloration is produced. A process for the estimation of 
nitrite is based upon this reaction. The following solutions are required for 
the estimation. 

(a) Solutitm of M€ta'phenylene-diamine.--l)mohe 6 grams of this sub- 
stance in a litre of water, to which a little sulphuric acid has been previously 
added. 

(b) Dilute Sulfhuric .(4cid.— Add 1 volume of strong sulphuric acid to 
2 volumes of distilled water. 

(c) Standard Solution of Sodium NttnVe.— Dissolve 0'406 gram of P‘1'® | 
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silver nitrite in boiling distilled water. Add an excess of pure sodium chloride 
solution, so that the silver i.s completely precipiiated as chloride. Now make 
up the liquid to a litre with distilled water. Allow the precipitate to subside, 
and make up each 100 c.c. of the clear liquid to a litre. 

Since the solution undeigoes change when it is exposed to the air and to 
daylight, it should be kept in small stoppered bottles, each of which is com- 
pletely filled and is then stored in the dark. 

One c.c. of this solution corresponds to 0*00001 gram of N 2 O 3 , and to 
0 000006 gram of the nitrite radicle NOj. 

The Process of Estimating Nitrite.— Measure 100 c.c. of the 
water into a perfectly colourlcjss glivas cylinder, similar to those used for the 
ammonia determination ( 61 I). The liquid should fill about three-fourths 
of the cyli ruler, flknd a fiy-inai k should be made upon the side of the cylinder 
denoting the level of the liquid surface when 100 c.c. are present. 

Add 1 c.c. of the dilute sulphuric acid (b), tlien 1 c.c. of the rnetaphenylone- 
(liaraine solution (a), and stir well with a glass rod. If a coloration is pro- j 
duced at once, a smaller quantity of the water must be taken and diluted to 
100 c.c. with pure distilled water. When the coloration only appears after 
the liquid has stood for one minute, the dilution will be sufficient. 

An a}»proximato measurement of the quantity of nitrous acid present is 
now made, by introducing different fractions of 1 c.c. of the standard sodium 
nitrite solution (c) into similar separate glass cylinders. Each is then made 
up to 100 c.c. with distilled water, and 1 c.c. of the acid and 1 c.c. of the meta- 
phenylene-diamine solution are added to each, as is described above. 

It must be remembered that the colour develops only slowly, and that 
the comparison-cylinders will not liave had so long a time for the development 
of colour as the original test-cylinder has had. ^ 

Hence, as soon as the approximate matching of colour has been effected, 
it will be necessary to make a fresh series of tests with the water and with 
the comparison-cylinders, all of which must be started at the same time. The 
colours of these liquids should be compared after they have been standing 
for twenty minutes. 

For the Interpretation of the Results refer to paragraph 651. 


Estimation of Nitrogen in Nitrite and Nitrate. 

621 . Three methods are described. 

According to the first method (622) the nitrogen is converted into nitric 
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oxide by the action of strong sulphuric acid and mercury, and the nitric oxide 
gas is measured. 

In the second method (623) flic nitrogen is converted into ammonia by 
the action of the co})por-7.inc couple (Note), and the ammonia is estimated 
by the Nessler colorimetric process (614)- 

Note . — A more rapid method for the roduetion of the nitrate consists in acidify- 
ing its solution with dilute sulphuric acid, and then trcalit)g it with iron w liii h lias 
been recently reduced from its oxide by hydrogen, 'i’he liquid should be ke|)l just 
l)oiling for about ten minutes : it is (hen made alkaline and the ammonia is dislilli fl 
over, and is estimated either hy Nessler solution {614) or by .standard acid (295). 
Fuller details are given in paragrajih 623. 

In the third method (624) the nitrate is caused to form ammonium picrafe, 
and tills is estimated colorimetrieally. This process estimates nitrate onlv 
and not mtrite. 


622. Eeduction of Nitrate and Nitrite to Nitric Oxide, and 
Measurement of this Gas : Crum’s Method.- 'I’hc most accurate means of 
estimating nitrate and nitrite was devised hy Crnrn, Accordingtothismethod, 
the solution which contains the nitrate and nitrite is shaken with strong 
sulphuric acid and mercury in a closed tube. Idio nitric oxide, which is thus 
evolved, is measured ; and the weight of nitrogen which it contains is calcu- 
lated. In the absence of other gas apparatus, the nitric oxide may bo 
measured in a carefully calibrated Lunge nitrometer (BpO)* 

The Process of Estimation. — Add a small quantity of sulphuric acid, 
diluted with four times its volume of water, to tlic residue w hich w as obtained 
in. determining the total solids (606). Warm the dish on the steam-hat !i 
to remove COj from any carbonate present, and if the volume of the liquid 
exceeds 2 c.c. evaporate it down to that volume. 

Fill the Lunge nitrometer (89O, 892) com[)lelely with mercury, pour tho 
liquid from the dish into the cup {/) of the nitrometer, and finally rinse out the 
dish w ith a very small quantity of the dilute sulphuric acid. Allow the liipiid 
to pass through tli^ stop-cock by gently turning the tap, taking care that no 
air enters. Then [miir about double the volume of pure strong sulj)buric acid 
into the cuj), allow this to flow through the stop-cock, and at once shake tl'O 
measuring-tube in such a way as to cause part of the mercury to mingle in 
small globules with the hot liquid. This is most readily efTected by giving 
a rotatory as well as a vertical movement to the tube. 

After the tube has been shaken for about twm minutes, nitric oxide gas 
will be given off. The agitation must be continued until the evolution of 
gas ceases, which will usually be the case in about five minutes. 
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Now allow the liquid to cool down to the temperature of the air, and adjust 
the levels of the mercury columns as is described in [)aragraph 892. Note 
down the atmospheric temperature and pressure, and f)roceod to calculate 
the weight of nitrogen in the volume of nitric oxide obtained as is shown 
in the following example : 

Example.— In an estimation of nitrate and nitrite, 000 c.c. of the water 
yielded IV3 c.c. of nitric oxide 

The atmo.spheric temperature was 20° C., and the atmo.sphoric pressure 766 
mm. 

Therefore, the volume of the nitric oxide under normal conditions of tempera- 
3-3 X 273 X 760 

turo and pre.ssurc =. = X 0‘030 (838, 984). 

Now nitric oxide contains half its volume of nitrogen, and the weight of 1 c.o. 
of hydrogen = 0'0000809 gram ; therefore, the weight of nitrogen in the nitric 
oxide == 1(3-3 X 0-939 x 0 0000899 x 14)= 0 00195. 

And .since 500 c.c. of water were used, the weight of nitrogen in 100,000 parts 
of the water = 0-00195 X 200 = 0-39. 

623. Reduction of Nitrate and Nitrite to Ammonia by means 
of \,he Copper-Zinc Couple, and Estimation of the Ammonia.— Zinc, 
upon which copper has been chemically deposited as a black film, con.stitute.s 
a “ co[)pci--zinc couple.” When this is immer.sed in (ho solution of a nitrate 
or nitrite it converts the nitrogen completely into ammonia, which can then 
be estimated by means of Nessler solution. (See also Note, 621). 

The following substances should be prepared ; 

(a) Pumice. — Clean pumice is broken into pieces about the size of large shot, 
and is sifted free from powder; it is then heated to rednc.s.s for some time, and is 
kept in a well- stoppered bottle. 

(b) Hydrochloric Acid. — Strong hydrochloric acid is te.sted for ammonia, by 
mixing 0-.5 c.c. of it with water free from nmnionia in a Nes.sler cylin cr (611), 
and adding 2 c.c. of Nessler solution. If it is practically free from ammonia, 10 
c.c. are diluted to 100 c.c. with ammonia-freo water, and the Ikpiid is preserved in 
a well-stoppercd bottle. 

Jho strong acid is freed from ammonia, if neces.sary, by distillation ; that part 
of the distillate being collected separately which comes over free from nmnionia. 

(c) The Copper-Zinc Couple is prepared by pouring a 3 per cent, solution of 
crystallised copper sulphate upon pieces of zinc. 'I'he zinc may either be in tho 
Rranulated condition, or it may be prepared by cutting thin zinc sheet or foil into 
^^rips and folding those up. Tho deposition is allow-cd to go on until tho zinc is 
cfn creel with a firmly adherent black film of copficr. This film must not bo so 
|r»pious as to bo detached when tho zinc is subsequently washed by gently shaking 

with frc.sh quan-tities of water. About 5 grams of zinc chould suffice 

one estimation, and an immersion of fifteen minutes in the copper solution 
nally causes a satisfactory film of copper to bo deposited uoon it. 
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Process of Ffstimation. — ^The process must be conducted in a room which 
contains no ammonium salts or other sources of ammonia ; and before 
proceeding to make a determination of nitrate, a blank experiment should be 
made by the process described below. Any amount of ammonia w'hich is 
obtained in this blank experiment must be subtracted from the ammonia 
which is found in an estimation. 

The process may be carried out either with the water itself, or with the 
water extract of the solid residue (6o6). The latter is commonly used when 
the amount of nitrate present is small. 

The ammonia which is produced from the nitrate by the following process 
may frequently be estimated directly without distillation (2) ; but distillation 
(1) is necessary w'hen the water is coloured, or when the amount of nitrate 
present is small. 

( 1 ) Estimation of the Ammonia hy Dislillaiion, — The copper-zinc couple 
is prepared, as is directed above (c), in a 300 c.c. stoppered fractionating-llask 
( 6 I 2 ). After the metals have been washed in the tlask, finally with ammonia- 
free water, the tubulure of the flask is connected with a U-tube filled with 
the pumice (a) moistened with the hydrochloric aci<l (b) ; one hundred c.c. 
of the water, or the equivalent extract of the water-residue (6o6), are now 
measured into the flask, which is at once stoppered, and is then allowed, to 
stand for at least an hour. 

If any doubt is felt as to the completion of the reduction, a small quantity 
of the liquid may be tested for nitrite by mixing it with dilute sulphuric acid 
and with metaphenylcno-diamine ( 620 )- As .soon a.s no nitrite can be detected 
the reduction is complete. 

Then add to the liquid about a gram of recently ignited sodium carbonate 
crystals {613), and rinse in the pumice moistened with hydrochloric acid fiora 
the U-tube. Connect the tubulure of the flask with a condenser (1016)) 
and proceed to distil over 60 c.c. Mix the distillate well, and measure 6 c.c. 
into a Nessler cylinder (61 1). Dilute this with ammonia-free water, and .idd 
2 c.c. of Nessler solution. Proceed in this way to estimate the whole ainoinit 
of ammonia which has been produced by the reduction of the nitrate, using 
more than 6 c.c. of the distillate if necessary (614, b). 

The amount of ammonia which has been found in the original water must 
be subtracted from the result thus obtained, unless the ammonia was removed 
before the reduction by the copper-zinc couple, and the weight of nitrogen 
which is contained in the ammonia is then calculated as parts per 100,000 of 
the original water. 

( 2 ) Direct Estimation of the Ammonia without Distillation, — A volume 
of 200 c.c. of the original water, or the equivalent volume of the extract of 
the water*residue, is mixed with a small quantity of oxalic acid solution, d 
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whole is made up to 250 c.c. with ammonia-free distilled water ( 6 lO) and is 
tlien allowed to stand in a well-stoppered fla.sk until the precipitate of calcium 
oxalate has completely subsided. Two separate portions (A, B) of the clear 
liquid are then transferred to Nessler cylinders. 

The copper-/inc couple is allowed to act upon one portion (A) for an hour, 
as has been just described ( 1 ), and as soon as the reduction to ammonia is 
complete, the clear liquid is decanted into another cylinder and 2 c.c. of 
Ne.ssler solution are added to it. The comparison-test is made by adding 
the requisite quantity of standard ammonium chloride solution to the other 
portion (B), and then stirring it with 2 c.c. of Nessler solution ( 614 , b). 

The amount of ammonia present in 250 c.c. is then calculated from each 
result. The difference between these two amounts will represent the amount 
of ammonia which has been formed by the reduction of the nitrate and nitrite 
which were originally present in 200 c.c. of the water. From this result the 
wciglit of nitrogen present in the nitrate and nitrite is calculated. 

By the above procedure allowance is made for the ammonia which was originally 
present iu the water, or was contained in the oxalic acid. The production of 
turbidity by the addition of Ne.saler .solution i.s prevented by the previous precipita- 
tion of calcium salts by the oxalic acid. 

624. Conversion of Nitrate into Ammonium Picrate, and Estima- 
tion Colorimetrically. — When phenol -sulphonic acid solution is poured 
upon a nitrate, and sulphuric acid is added, picric acid is formed ; 

CeH4.OH.SO3H -h 3HNO3 = CeHjfNOjjaOH -f HjSOe + 2H2O 
and the addition of ammonia in excess "then produces ammonium picrato, the 
yellow colour of which is easily seen even in a very dilute solution. The 
degree of intensity of the colour serves to estimate the picrate, and hence the 
nitrate from which it has been produced. 

This process estimates nitrate only, and not nitrite. If nitrite is present 
in the water, it must be separately determined ( 620 )- 

The following solutions are required 1 

(a) Phmol-mlphonic Acid. — 65*6 c.o. of strong pure HaS 04 are’addedto 

c.c. of water containing 9 grams of phenol. The liquid is shaken and is 

ptoserved in a tightly stopperofl bottle. 

(b) Standard Potassium Nitrate Solution. — Some KNO3 is heated just 
sufficiently to fuse it ; 0'722 gram of the salt is then dissolved in water and 
the solution is diluted to a litre. Each c.o. of this solution contains O’OOOl 
gram of nitrogen. 

I The Process of Estimation. — A measured volume of the water, usually 

C.C., is evaporated to dryness in a small porcelain dish. 
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Five c.c. of the standard KNO3 solution (b) are evaporated in another 
similar dish. 

One c.c. of the plionol-sulphonic acid solution (a) is added to the liquid in 
each dish as soon as it is cold, and the contents of each dish are thoroughly 
mixed with small glass rods. One c.c. of distilled water is then added to each 
dish, followed by 3 drops of strong sulphuric acid, and after the liquids have 
been well stirred, the rods are rinsed into the dishes with a little distilled water. 

The dishes are now heated on the water-bath for five minutes ; each dish in 
then removed from the water-bath and its contents are diluted with 25 c.c. 
of distilled water and mixed with ammonium hydrate in exce.ss. A deep 
yellow colour will ap[)ear in the standard solution, and also in the water- 
sample if it originally contained nitrate. 

The lirpiids are now transferred from the dishes to graduated 250 c.c- 
closed cylinders, and each is diluted to 100 c.c. with distilled water. 50 c.c, 
of that solution, which shows the lesser intensity of colour, are then placed in a 
Nessler cylinder (61I), and the more intensely coloured liquid is diluted with 
water and is well mixed by shaking. The dilution is continued until 50 c.c. 
of the liquid, when poured into a Ne.sslcr cylinder, exactly matches in intensity 
the tint of the originally paler liquid. The total volume in c.c. of the diluted 
liquid is then noted down, the volume of the other being 100 c.c. 

The Formula for Calculating tho weight of nitrogen (N) present as nitrate 
in 100,000 of the water is 

.50 X Number of c.c. of the sample after dilution. 

^ No. of c.c. of the water u.sed X No. of c.c. of standard after diiution. 


Example. — In a particular case 25 c.c. of the water-sample wore used, h' 
the process of matching tho colours tho yellow li(piid from the water was made up 
to 100 C.C., while the yellow lupiid from the standard nitrate solution was nuide 
up to 250 c.c. Hence N, tho weight of nitric nitrogen present per 100,000 of tbe 
50 X 100 
- 25 xT50“ 

For the Interpretation of the ReeultB obtained refer to paragraph 652- 


Estimation of Hardness. 

625. The “Hardness” of Water, or its soap-precipitating power, 
depends upon the amount of calcium and magnesium salts which it contains, 
since these salts act chemically upon soap and precipitate it from soluticn- 
Other salts are occasionally present in water which act in a similar way upon 
soap ; and if much sodium chloride is present, it precipitates the soap 
from its solution in an unaltered state. 

Hardness is of two kinds ; “ temporary hardness,” which can be remove J 
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by boiling the water ; and “ permanent hardness,” which cannot be removed 
in this way. 

Two processes for the estimation of hardness are described. 

Clark’s Method (626) is the older process; it does not yield accurate 
results if a largo quantity of magnesium salts is present. 

Jlehner’s metliotl (63I) gives on the whole better results, since the presence 
of tn.ignosium salts does not materially affect the process. 

For the Interpretation of the Results of Analysis refer to paragraph 653. 


Estimation of Hardness by Soap Solution. 

626. Clark’s method depends upon the fact that when solution of soap 
is mixed with solution of a calcium or magnesium salt, an insoluble caicium 
or magnesium soap is produced. Accortlingly no lather will form when the 
water is shaken with soap solution, until llio soap solution has been added 
in excess and some soap therefore remains unaltered in the liquid. 

The solution of soap in methylati'd spirit, which is used in this process, 
is first titrated hy means of a standard calcium chloride solution, and is then 
brought to the requisite strength. The water is tested with this standard soap 
solution, and the number of “degrees of hardtiess” of thcMvater are obtained 
from the amount of soap solution which is requiri‘d to precipitate the hardening 
salts. Each degree of hardness corresponds to one part of CaC03 per 
100,000 of water, and the re.sult is therefore expressed in these terms. 

The following solutions are required for the estimation : 

(a) Siandard Solution of Calcium Chloride, — Weigh accurately 0'2 gram 
of i)uro ieeland-spar, and dissolve it in dilute hydrochloric acid, taking care 
to keep the vessel covered so as to prevent loss by spirting. Evaporate this 
solution to dryness on the water-bath ; then add water and again evaporate to 
dryness, and repeat these processes, once at least, in order to remove all free 
hydrochloric acid. Now dissolve the residue of neutral calcium chloride in 
.'vater, and make the solution up to a litre, 

(b) Preparation of Soap Solution. — Potassium oloate soap is prepared 
hy rubbing in a mortar 150 parts of lead plaster (Plumbi Emplast., B.P.) 
with 40 parts of diy potassium carbonate. When these substances have 
been thoroughly mixed a little methylated spirit is added, and the process 
'd mixture in the mortar is continued until a creamy mass is formed. This 

stirred vs ith more spirit, and Ls decanted after the sediment has subsided. 



31^ 


water analysis. 


[627, 


(c) Titration and Dilutwn of Soap Solution.— Thh strong soap solution 
now requires to bo diluted, until 14*26 c.c. of it just produce a permanent lather 
when they arc shaken with 50 c.c. of the standard calcium chloride solution. 

Mix the strong soap solution with methylated spirit which has been 
diluted with half its volume of water, and pour some of this solution into a 
burette. Measure 50 c.c. of the calcium chloride solution (a) into a stoppered 
bottle of 250 c.c. capacity, allowing the liquid to flow out of the pipette without 
blowing any carbon dioxide from the lungs into the bottle {Note p. 313 ). 

Now allow 1 c.c. of the soap solution to flow from the burette into the 
bottle, and close the bottle and shake it vigorously for a short time. If no 
permanent lathe] m produced, add another c.c. of the soap solution and shake 
again. 

Continue the addition of the soap solution, shaking the water well after 
each addition, until a lather is formed which remains for a short time when the 
bottle is laid upon it.s side on the bench. The process is finished when the 
lather remains upon the surface as an unbroken layer for five minutes. 

Towards the end of this operation, the amount of soap solution which is 
added should bo le.sscnod, and it .should finally not exceed one-fifth of a c.c. 
b'xpcrience renders it poa.sible to dctc'ct, the approach of the end of the reaction 
by the sound and sensation |)roduced during shaking, since the sound and 
shock become much more gentle when a lather begins to form. 

The soap solution can now be diluted from calculation (287)» its 
strength must be ultimately adjusted so that exactly 14*25 c.c. are required 
to produce the lather with 50 c.c. of the calcium chloride solution. 

The strength of the soap solution should be checked after it has stood for 
about twenty-four hours, since a sediment usually forms which reduces its 
value. It is on thi.s account preferable to defer the final diluti(^ and titration 
of the solution until no further sediment is deposited. 

Another Method of Preparing the Soap Solution is to dii|^olve 80 grams 
of chemically pure oleic acid in alcohol. A few drops of p^onol-phtlialcin 
are mixed with this solution, and a strong solution of potassium hydrate in alcohol 
is then gradually added until the oleic acid is exactly neutralised and saponification 
is therefore complete. This is indicated W the liquid retainiilgxwO'* faint purple 
coloration. The solution is then titrated*^ with the standard calcium chloride 
solution (a), and is diluted to standard strength (c). 

627 . Estimation of the Total Hardness. —Measure 50 o.c. of the 
water into a stoppered bottle of 250 c.c. capacity. vShake the water well, 
and remove any carbon dioxide, which has been evolved, by sucking 
out the air from the upper part of the bottle by means of the pipette ; repeat 
these processes once at least {Note). Then proceed to titrate the water with the 
standard soap solution in the manner already described ( 626 , c). 

If more than 16 c.o. of soap solution are required by the water, dilute a 
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suitable measured quantity of tlie water to 50 c.c. with boiled distilled water 
(Note), and titrate again. 

The number of degrees of hardness in the water, expressed as parts of 
calcium carbonate per 100,000, may now be obtained from the number of 
c.c. of soap solution used, by reference to the Hardness Table (63O). 

If much magnesium salt is present, it will be difficult to ascertain the end 
of the process. This is partly due to the formation of a permanent scum 
upon the water, but also to the fact that the soap solution acts much more 
slowly upon magnesium salts than it does upon calcium salts. When mag- 
nesium salts are present, it is best to dilute the water until not more than 
7 c.c. of the soap solution are required for the titration, and after the titration 
is finished the bottle should be allowed to stand for at least ton minutes, 
in order to make certain that the lather is of a permanent nature. 

Note.— Various precautions are mentioned in the above description of the process 
for determining the liardness, with the object of preventing the introduction of 
carbonic acid. Carbonic acid acts chemically upon soap in such a nay as to 
prevent it from giving a lather when its solution is .shaken. Hence, before any 
soap solution is added to a meastired sample of water, the sample should bo re- 
peatedly shaken vigorously in the botih'. and the COj which is liberated should be 
Slicked out by a tube after each shaking. Tor the .same reason all distilled watei-, 
which is used for dilution or for making .solutions, shoidd have been recently boiled 
and quickly cooled. 


628. Estimation of the Permanent Hardness. - The method 
consists in boiling the water until all the hardening salts, which are preoipi* 
table by boiling, are thrown out of solution. The liquid is then made up to its 
original volume with air-free distilled water, and is filtered if necessary, ^e 
hardne.ss is determined in the clear filtrate. 


Measure about 260 c.c. of the water into a llask, and weigh the flask with 
the water. Boil the water gently for half an hour, adding boiled distilled 
from time to time, in order to replace the water which evaporates. 
Now cool the water quickly, and make up the flask and w'ater to their original 
'V eight (Note) w]tb cold recently boiled distilled water (627. Note), Mix 
well, pour the water through a dry liter, and titrate a suitable volume of the 
hhrate with soap solution as was described in paragraph 62 'J. 

The degrees of Permanent Hardness are then obtained by reference to 
the Hardness Table (630). 


Ao/c. Instead of weighing the water, an exactly tnea.sured volume of the water 
liaT]^ ° and the water may be made up to the same volume again after it 

.L ^ icen boiled and filtered. This procedure is, however, le.ss rapid in practice 
weighing. 


than 


629. Temporary Hardness.— The difference between the Total Hardness 
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and the Pcnuancnt Hardness gives the Ternponuy Hardness of tl.o 
water. 


HARDNESS TABLE. 

630. Parts of CaCOa pea’ 100,000. 
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P'STIMATION OF HaRDNESS BY StaNDARDNU^I D. 

631 . Tlie calcium and magnesium carhouatos, which cause the tern ponuy 
hardness, are first determined by titration witli standard acid in a port ion of 
the water ( 632 ). 

• The sulphates and oilier soluble salts of calcium and magnesium are then 
removed, together with the carbonates, from another portion of the water, 
by adding a known volume of standard sodium carbonate solution in excess, 
and boiling for half an hour, or evaporating to dryness if niagnesiuin is 
jiresent; the unchanged sodium carbonate is then estimated by means cf 
standard acid ( 633 ). The amount of sodium carbonate which has faoa 
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decomposed by the above soluble salts is thus found, and from this the per- 
manent hardness is calculated. 

The hardness is expressed as parts of CaCOj per 100,000. 

The following solutions arc rcipiired ; 

(a) Decinormal Sulphuric Acid. — Dilute 100 c.c. of normal sulphuric acid 
(285) to a litre. 

(b) Decinormal Sodium Carbonate Solution. — Dissolve 5‘305 grams of 
pure dry sodium carbonate (284) in water, and make this solution up to a litre. 
The solution may also be preparoil by diluting 100 c.c. of normal sodium 
carbonate solution (283) to a litre. 

(c) Methyl-orange (268) is used as an indicator in these titrations, because 
it is not affected by carbonic acid. 

632 . Estimation of the Temporary Hardness.— Add to 500 c.c. 
of the water, or less if it is very hard, a few drops of methyl-orange (C). Then 
add the decinormal sulphuric acid (a) from a burette, until the colour of the 
solution just changes to the pink tint. From the number of c.c. of acid used, 
the corros|)onding amount of CaCO^ is calculated, and this is converted into 
parts per 100,000. 

Noie.-- Tho end of the reaction is somewhat dilKcult to dcteiinine by the 
gradual change of the yellow colour of the methyl-orange to pink, and a sharper 
change may bo obtaimd by u.sing <lecinormal hydrochloric acid with lacniuid 
solution as indicator, ft is best to add a few drops of the lacinoid solution to the 
boiling water, and to titrate whUo the water is actually boiling. 

The lacinoid solution is prepared liy dissolving 2 grams of laemoid in dilute 
alcohol and making this solution up to a litre. 

633. Estimation of the Permanent Hardness.— To 250 c.o. of the 
water add 50 c.c. of the decinormal sodium carbonate solution (b), and boil 
for about half an hour. If magnesium salts are present, evaporate to dryness 
and extract the residue with water. Filter, and wash the precipitate or the 
insoluble matter with boiled digtilled water, and make the cold filtrate up 
to 2.50 c.c. 

'I’itrate 60 c.c. of the filtrate with the decinormal acid (a), using methyl- 
orange (c) as an indicator (632, Note). 

From the number of c.c. of acid which have been used, the weight of NajCO, 
nsed in precipitating the hardening salts may be found, and from this the 
permanent hardness is calculated in terms of CaCO^ and is then converted into 
parks per 100,000. 

The Total Hardness may be obtained by adding together the temporary 
and the permanent hardness. 
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Example. — Tn an estimation of temporary hardness in a water, 600 c.c. of 
the water rcrpiired 8'4 c.e. of decinormal sulphuric arid. Now 1 c.c. of this acid 
corresponds to 0 0().^> gram of CaCO^, therefore the weight of CaCO,, which would 
neutrali.so the acid u.sed in the titration, is 8'4 x 0 006 »= 0 042 gram. Hence the 
temporary hardness as parts of calcium carbonate per 100,000 = 200 x 0’042 
- 8-4. 

In estimating the permanent hardness, 260 c.c. of the water were boiled wifli 
50 c.c. of decinormal sodium carbonate solution, and after filtration the filtralo 
was made up to 250 c.c. Fifty c.c. of this liquid required 8‘6 c.c. of decinoniial 
sulphuric acid for neutralisation. Hence the permanent hardness in the 60 c.c. 
used corresponds to 10 - 8 ‘6 •= r4 c.c. of decinormal sodium carbonate solution, 
since 10 c.c. of Na^COj solution were present in every 60 c.c. of the solution. 
J’bt'reforo the number of c.c. of Na^COj solution corresponding to the permanent 
hardness in the 260 c.c. of the water used = 14 X 6«= 7. And since 1 c.c. of 
the sodium carbonate solution corre.sponds to 0*005 gram of CaCOg, the permanent 
hardness in 100,000 parts = 7 x 0*005 x 400= 14. 

Hence the total hardimss = 14 + 8*4= 22*4. 

634. Estimation of Sodium Carbonate.- When the water contains 
sodium carbonate, it will be distinctly alkaline in reaction and no permanent 
hardness will bo present. The amount of sodium carbonate present in the 
water can be easily estimated by means of the standard acid (a), since the 
sodium carbonate will remain in solution after the water has been boiled. 
It can therefore be titrated in the filtrate after the carbonates of magnesium 
and calcium have been precipitated by boiling the water for the determination 
of the permanent hardness. 

For the Results of Analyses of Water refer to paragraph 964, and to paragraphs 
646 654 for the consideration of the results of analysis. 
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ESTIMATION OP OTHER SUBSTANCES IN WATER. 

For ordinary purposes the estimations described above are sufficient. 
But other processes are appended for the detection and estimation of poisonous 
metals, for certain estimations which are required for technical purposes, 
and for the estimation of dissolved oxygen. 

Refer to paragraph 654 for the limiting amounts of poisonous substances 
allowable. 


Detection and Estimation of Poisonous Metals. 

635. Copper and lead are the most commonly occurring poisonous metals 
in water : arsenic, barium, and zinc may be tested for in exceptional cases. 

Copper and lead may often be detected by placing 200 c.c. of the water 
in a glass cylinder (61I), and adding 10 c.c. of acetic acid and 10 c.c. of satu- 
rated solution of hydrogen sulphide. The tint of the well- mixed liquids will 
be darker in tint than that of the same water similarly mixed with 10 c.c. 
of acetic acid only, if lead or copper or both should bo present. 

Small traces of these metals, which cannot be found directly in the water, 
may be detected by evaporating a measured quantity of the water down to 
a small volume, rendering it just acid with a few drops of acetic acid, then 
dividing this liquid into two parts and testing as is directed above. 

The quantity of metal present may be estimated colorimetrically (636, 
637)' Of metal may be estimated graviraetrically if an appreciable quantity 
of sulphide is precipitated. 

636. Estimation of Copper. — Prepare a standard copper sulphate 
solution containing 0*3929 gram of crystallised copper sulphate per litre. 
Each c.c. of this solution corresponds to 0*0001 gram of copper. 

Evaporate 600 c.c. of the water to 60 o.c., add 5 c.c. of decinormal acetic 
acid, and transfer the liquid to a glass cylinder (61I). Then add a few drops 
of very dilute potassium ferrooyanide solution. If copper is present, a 
reddish brown tint will appear {Note). 

Match the intensity of this colour by mixing a suitable measured volume 
of the standard copper solution in a similar cylinder with 60 c.c. of distilled 
water, which has been acidified with 5 c.c. of decinormal acetic acid and mixed 
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with the same quantity of iiolassiuin fen ocyaniclc .solution as has been already 
used. 

The weight of copper present in 100,000 parts of the water — n x O'OOOl 
X 200 n X 0 02, where n re|irescnts the number of c.c. of the standard 
copi^er .solution which correspond to the copper in .'100 c.c. of the water. 

Note. — If iron is also prc.sent in the w.itrr the color;:! ion piodiiccd on ndiliii" 
the fcrrocyanide will bo altered by the founalion of Pnissiiui blue. Tho iron 
should therefore be removed from the water by adding a few drops of nitric acid, 
evaporating considerably and precipitating by an excess of ammonium hydrale. 
'Fhe preeifiitate should be filtered olT and dissolved in nitiic acid, (lien ])ieeipita 1 ( d 
once moic by ammonium hydrate, liltered olT and washed. 'J'hc' precipitate may 
ho used for the e-stimation of iron (641) and (he filtrate and washings may lie 
neutralised with HNO 3 *1'^’ estimation of copper. 

637‘ Estimation of Lead.- If copper is absent (Note), lead may be 
estimated by the following method : 

Prepare a standard lead acetate solution containing OTS.Il gram of normal 
lead acetate per litre, and a little free acetic acid which is added to keep tlio 
solution clear. Each c.c. of this solution coirosponds to O'OOOl gram of lead, 

A direct e.stimation may often he made by mixing with 200 c.c, of the wah r 
in a gla.ss cylinder (61I) 10 c.c. of normal acetic acid and 10 c.c. of hydrop ii 
suljdiide solution. The intensity ot the dark coloration I Inis produced i.n 
matched in a similar cylinder, containing 200 c.c, of distilled water 10 c.c. 
of normal acetic acid and 10 c.c. of hydrogen sulphide solution, by adding! 
the appropriate volume of the standard lead acetate solution. 1'his may be 
effected by dropping in the lead .solution gradmdly from a burette and 
mixing well : but a second experiment must bo made in which the wliolo 
volume of the lead solution is added to the acidified distill^l water at onco 
and then the hydrogen sulphide .solution is added and w ell r'iixcd. 

It may be found advi.sable to use only 100 c.c. of w ater if the dark colonv 
tion is too strong, and if the coloration is loo slight it is Well to evaporate 
600 c.c. down to 50 c.c. and to use this for the estimation. ’ 

Note . — If both copper and lead arc pre.sent in the water, c^Timato the copi er 
(636) and then add a corresponding amount of the standard copper solution (636) 
to 50 c.c. of distilled water before intiodueing tho standard lead acetate sohition 
for the comparison test. In this way the coloration due to tho presence of eo]ii'rf 
may be allowed for. 

638. Action of Water on Lead. — Rain-water, many natural soft 
waters, and waters containing natural vegetable acids, act upon lead or a lead- 
alloy if they remain in contact with it during storage or conveyance. P 
therefore advisable to ascertain whether water, w-hich is to be used for di inking 
purposes, has any action upon lead. 
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Hard waters do not as a rule act upon lead unless they contain much 
carbonic acid. This is duo to the fact that the hardening constituents laiiitlly 
fortn an insoluble coating upon the surface of tlio lead, and this prevents the 
further action of the water. 

The l)ehaviour of a sample of \vater towards lead may be tested as follows ; 
Cut o(T two strips of sheet-lead ; scrape one of these so as to ex[)ose the bright 
surface of the metal, and leave the other in its tarnished condition. Immerse 
the lead strips in separate beakers of the water, and allow' them to stand 
undisturbed for twenty-four hours. Then note the a]ii!earanco of the lead 
and of the water. 

If the surface of the lea<l has remained unchanged in ap[)earanee, and the 
water is perfectly clear and bright even after it has been shaken, the water 
has probably not acted npon the lead, since a white insohddc basic lead 
carbonate is usually formed by the action. To make sure whether any solvent 
action has occurred, how^over, it is best to remove the lead strips, and to test 
the water for lead in solution by adding a little saturated solution of hydrogen 
sulphide, as has been described above ( 637 )* 

The Relative Action of Samples of Different Waters on lead 
may be estimated as is described below. Tho iirocedurc is given for 
bright lead, but it would bo precisely similar for tarnished lead, the luoparatory 
scraping of the surface only being omitted. 

A strip of sheet lead, 1’5 cm. wide, is scraped bright, and is cut into lengths 
of 2'5 cm. 

10 c.c. of each of tho ditTcrent water-samples are introduced into separate 
test-tubes, 1,5 cm. long and 2 cm. in diameter, and a piece of the bi ight freshly 
scraped lead, which has been rubbed with a clean cloth and has not afterwards 
been touched with the fingers, is drojiped into each tube. The tubes are 
then shaken to detach any air-bubbles from the lead, and are allowed to 
stand for three, seven or fourteen days, as may be decided upon. 

The water is then jmured off from each lube into a glass cylinder with a 
mark at 100 c.c. capacity ( 61 I). The load is rinsed in the tube by shaking it 
" ith about 10 c.c. of distilled water, and this water is poured into tho cylinder ; 
the lead is then removed and is rinsed, if necessary, by the jet of water from 
^he wash-bottle to remove any adherent lead compound into the cylinder. 

c.c. of decinormal acetic acid are now poured into tho test-tube, from 
''hich the lead-strip has been removed, in order to dissolve any lead compound 
_^dhoring to the glass : this acid is poured into the cylinder and the test-tube 

i ^'^clf is finally rinsed out into the cylinder. Tho liquid in the cylinder is then 
hrred, if necessary, until all load compounds are dissolved and the liquid is 
I'hle clear; it is then made up to Ihe 100 c.c, mark and is well mixed by 
tirrinc. 
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This liquid, or an aliquot portion of it, is now used for estimating thi 
lead in a manner similar to that described in paragraph 637 ; the dark colors 
tion yielded by a measured volume of hydrogen sulphide solution bein^ 
matched in intensity by the coloration produced by a known volume ol 
standard lead solution and the same volumes of hydrogen sulphide solu 
tion and of acetic acid being present in the same liquid volume in each case, 
For Limiting Amounts of Poisonous Substances refer to paragraph 654 . 


Estimation of Mineral Constituents. 

639. Estimation of Iron.— If the quantity of iron present is small, 
it may b(^ most readily estimated colorimetrically as follows. If the quanlity 
is large, the iron may be estimated with greater accuracy gravimetriqsillj 

(640, 641). 

For the colorimetric estimation prepare a standard iron solution by dissolv- 
ing 0’861 gram of iron alum, Fe(NH4)(80,)2.l2H20, in a litre of water. This 
solution contains 0‘1 gram of iron per litre. 

Evaporate 600 c.c. of the water to dryness, after adding a few drops ol 
nitric acid free from iron. Dissolve the residue in 50 c.c. of water, pour the 
solution into a glass cylinder ( 61 I), and add 1 c.c. of very dilute potassium 
ferrocyanide solution. 

If a blue colour appears at once, or develops in the liquid after it has beeu 
allowed to stand, iron is present. Match the intensity of colour of this liquid 
by adding to 60 c.c. of distilled water in another cylinder a known volume of 
the standard solution of ferric salt, a few drops of nitric acid, and 1 o.c. of ihfl 
ferrocyanide solution. 

The amount of iron present in 100,000 parts of the original water is equsi 
to n X 0’02, where n represents the number of c.o. of the standard iron solu* 
tion which correspond to the iron in 600 0 . 0 . of the water. 

640 « Estimation of Silica. — Acidify a litre of the water with hydrochloric 
acid, and evaporate it to dryness. Dry the residue in the steam-bath, and 
finally at 160® in the air-bath ; then moisten it with hydrochloric acid, add 
water, and heat. Filter o£f any insoluble residue of silica, and wash, 
and weigh it. Preserve the filtrate. 

641 . Estimation of Iron and Oalcium.— If the quantity of iro’ 
present is too large to be estimated colorimetrically by the above direction* j 
(639), add a few drops of strong nitric acid, free from iron, to the filtrate froii> 
the silica (640)> and boil Then add a little ammonium chloride solutic^tl 
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and a slight excess of ammonium hydrate. Filter off and ignite the ferric 
hydroxide, and weigh the iroil as FejOj (129). 

Add excess of ammonium oxalate solution to the filtrate, allow the liquid 
to stand, filter off and ignite the calcium oxalate, and weigh the calcium 
as oxide (146, 147)* 

642. Estimation of Magnesium.— Evaporate the filtrate from the 
calcium oxalate to dryness, expel the ammonium salts from the residue by 
ignition, dissolve the residue in hydrochloric acid, add water, and filter if 
necessary. Then add a moderate excess of ammonium hydrate, and then 
sodium phosphate solution. Filter, wash and ignite the precipitate, and weigh 
the magnesium as pyrophosphate (I65). 

643* Estimation of Sulphate.— Acidify 500 c.c. of the water with 
hydrochloric acid, and evaporate to about 60 c.c. Add barium chloride 
solution in excess. Filter off, ignite, and weigh the precipitate of barium 
sulphate (133). 

644. Estimation of the Alkali-metals.— Concentrate a litre of the 
water by evaporation to about 100 c.c. Precipitate the sulphate completely 
from this liquid by adding barium chloride solution. Filter, and boil the 
filtiate with milk of lime in order to precipitate the iron and magnesium. 
Filter, and precipitate the barium and calcium from the filtrate by adding 
excess of ammonium hydrate, then ammonium carbonate solution and a few 
drops of ammonium oxalate solution, Filtw, evaporate the filtrate to dryness, 
and expel the ammonium salts from the residue by ignition. 

Extract the residue with water, filter if necessary, and add one drop of 
ammonium oxalate solution in order to ascertain that all the calcium is pre- 
cipitated. Filter again if necessary, acidify with hydrochloric acid, evapo- 
rate to dryness in a weighed dish, ignite the residue of alkaline chlorides 
gently, and weigh it (428). The amounts of potassium chloride and of 
sodium chloride in this residue may then be estimated if necessary (429). 


Estimation op Dissolved Oxygen. 

^45* The amount of dissolved oxygen which a water contains originally, 
®'nd especially the amount which it loses when kept, is a most important 
criterion of what may be termed active organic pollution. An average potable 
fresh-water supply should contain from 6 to 7 o.c. of oxygon per litre (973. 
974). and this amount should not be reduced when the water is stored. 

A simple mel)io<l of determining the dissolved oxygen which can, if 

21 
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necessary, be applied at the place where the sample is collected, is described 
below. Two gasoraetric methods, which can only be carried out in the 
laboratory on samples previously collec'.ted, are subsequently described in 
paragraphs 896, 897. 

ITae Method consists in absorbing the dissolved oxygen, which is con- 
tained in a measured volume of the water, by adding to the water an excess 
of a mixture of sofutions of ferrous sulphate and of ammonia in a vessel which 
is completely filled with the liipiids and is closed from the air. Sulphuric 
acid is then added in excess, and the acid mixture is transferred to an open 
dish and titrated with either permanganate or bichromate standard solution 
( 306 , 319 ). The dichromate solution is generally to be preferred, and especially 
for impure water and sewage effluents. 

The process is comparable in regard to accuracy with gasornetric methods 
and is much more readily carried out. The presence of nitrite in the water 
does not affect it« accuracy unless the amount of nitrous nitrogen exceeds 
O ' 07 parts per 100,000. , 

The Following Standard Solutions and Apparatus will bo requiicd; 

(a) Ferrous Sulphate Solution . — About 12 grams of the crystallised salt 
are dissolved and made up to 250 c.c. with distilled water. 12-444 grams 
would give a solution, oacdi c.c. of which is equivalent to 1 c.c. of oxygen 
under normal conditions. But nothing is gained by preparing a solution 
of exactly this strength, since it becomes turbid after some days, and when it 
is cleared by filtration before using it for a series of determinations, its strength 
is altered and must be redetermined. It is best to treat the solution as one 
which varies in strength by being kept, and which therefore requires frequent 
titration. 

(h) Standard Permanganate Solution . — A solution of such strength that 
1 c.c. is equivalent to 1 c.c. of oxygen under normal conditions of tempera! mo 
and pressure is obtained by dissolving 6'6538 grams of the pure crystallised 
potassium salt and making the solution up to a litre with distilled watet A 
decinormal solution is also suitable, 1 c.c. of which corresponds to 0*66 c.c. 
of oxygen under normal conditions. • 

For the estimation of, the dissolved oxygen in distilled water, or in ordinary 
water, a solution of one-tenth the first-mentioned strength may be used ; 
but for all praotioal purposes the stronger solution will be found to give 
sufficiently accurate results, especially if a narrow burette of 10 c.c. capacity 
is employed, with which readings may be made accurately to 0*025 c.c The 
stronger solution keeps well in the dark, but the weaker one should be prepared 
freshly from the former for each series of experiments. 
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(c) Standard Dichromate Solntion, of a strength corresponding with that 
of the permanganate, may also be used, and in the case of sewage effluents 
and of sea- water is undoubtedly to bo preferred. When dichromate solution 
is used, potassium ferricyanide must be employed as an indicator ( 306 )j| 
and as the ferrous sulphate solution is highly diluted by the water under 
examination, a strong dichromato solution should be employed. This is 
prepared by dissolving 8*7906 grams of the pure crystallised potassium 
salt and making the solution up to a litre with distilled water. Each c.c. 
of this solution corresponds to 1 c.c. of oxygen measured under normal condi 
tions. 

(d) Dilute Sulphuric Acid.— A mixture of equal volumes of the strong 
acid and water is prepared. 

Fio. 94. 



Estimation op Dissolved Oxygen. 

(e) The Absorbing vessel . — The vessel in which the water under examination 
is mixed with the solutions of ferrous sulphate and of ammonia, and in which 
the mixture is afterwards acidulated with sulphuric acid, may be an ordinary 
stoppered separating- funnel of the shape and capacity shown in the diagram 
(Pig. 94, A). Its exact capacity and dimensions are immaterial if the vessel 
holds a sufficient volume of water, and if the tube forming its lower extremity 
is wide enough to contain, when inverted (B), the quantity of sulphuric acid 
which is required to acidify the ammoniacal mixture before titration. 

Since an ordinary separating-funnel is, however, somewhat unwieldy for 
the purpose of these determinations, owing to the length of its tube, a speciai 
form of apparatus (Fig. 94, C) which contains exactly one-third of a litre will 
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bo found very convenient. This can be purchased, together with the whole 
of the necessary apparatus and reagents for the determinations, suitably 
packed in a portable box. 

♦ The Process.- The absorbing-vessel (e) is completely filled with the water 
under examination, which has been collected and stored in a Winchestcr- 
quart bottle filled to the brim and then stoppered. One limb of a glass 
siphon-tube is dipped almost to tlic bottom of this bottle, while the other 
and longer limb is connected with a piece of rubber tube provided with a 
screw-clamp. 

A little of the water is first drawn off and the absorbing- vessel is rinsed 
with it. The end of the rubber tube i.s then ytassed to the bottom of the 
vessel, the clamp is opeind, and the water is allowed to flow in until it has 
filled the vessel and a fair quantity has overflowed. In this way iho possi- 
bility of error arising from the ab.sorption of atrao.spheric oxygen by the upper 
layer of the water, as it flows into tho wide part of the vessel, is avoided. 

The stopper is now inserted and the excess of water is drained off. The 
stopper is then removed and about 7 c.c. of the water are taken out by a 
pipette and thrown away. If tho ve.sscl is of about the capacity specified, 
5 c.c. of the clear ferrous sulphate solution (a) are carefully measured o(T into 
a graduated pipette and are allowed to flow into tho alnsorbing-vcssel, tho 
nozzle of the pipette being dipped just below tho surface of the water: tlie 
ferrous sulphate solution, owing to its higher density, will flow at once to ll)o 
bottom of the water. Strong ammonia solution is then cautiously pouicd 
upon the top of the water until the vessel is just full, and the stopper is at 
once inserted. 

If a few drops of the ammonia solution is lost when the stopper is being 
inserted, no harm is done, since the ammonia solution floats on the surface and 
does not appreciably mix with the contents of the vessel. But no air-bubble 
must be inclosed, and a little dexterity is necessary to prevent this \N hiIe tlie 
stopper is being pushed in. 

There is nowalayer of ferrous sulphate solution at the bottom of the absorb- 
ing-vessel, above this is the sample of water, and above this again the ammonia 
solution. These aro mixed together by inverting the vessel once or twica 
with a swinging motion. A greenish turbid mixture is thus produced, which 
contains ferrous hydroxide partly in solution and partly in suspension, and 
this rapidly darkens as it absorbs the dissolved oxygon from the wat:. 
Fifteen minutes nuiy be allowed for the completion of this absorption. 

The stoppered vessel Is now inverted (Fig. 94, B;, and its tube or lower 
extremity, which is now uppermost, is filled with the dilute sulphuric acid 
(d). The 8top*cook is then opened and the acid i.s allowed to flow down into 
the alkaline mixtu e. In the course of a few minutes the iron hydroxides will 
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be dissolved, and a clear liquid will be produced ; this may be hastened, if 
necessary, by applying a gentle heat. 

An air-bubble, if present in the boro of the stop cock, will prevent the 
flow of tho acid, bub a few sharp taps will cause it to be displaced and to ris^ 
through the liquid and escape into tho air. 

The acidified solution is then allowed to flow into a porcelain dish, and is 
titrated with either the permanganate or tho dichromate solution. 


It still remains to determine tho value of the ferrous sulphate solution 
under conditions similar to those present in tho estimation itself. The 
absorbing-vessel is filled with the water under examination, 7 c.c. are removed, 
and the remainder is poured into a porcelain dish, where it is mixed with the 
same volumes of tho dilute siilph'.uic acid (d) and of the ferrous sulphate 
solution (a) as wore emi)Ioycd in the estimation, and tho mixture is then 
titrated. In this way, the eiroj- arising from tho oxidisable substances present 
in tho water is eliminated, even when their amount is considerable. 

It is convenient to determine tho value of the iron solution in this way 
during tho interval required for the absorption of the dissolved oxygen, and 
consequently as a preliminary to tho latter process to fill the absorbing- vessel 
with the water under examination, and to transfer tho latter, after removing 
7 C.C., to a porcelain dish ready for tho addition of the ferrous sulphate solution 
and the dilute sulphuric acid. 


Calculation of Results. — When the stronger solution of cither the perman- 
ganate or the bichromate is used, the number of c.c. of dissolved oxygen at 
0 ' C. and 760 mm. pressure, which were present in the volume of water, are 
equal to the difTerenco between the burette reading for the blank experiment 
and that for the actual determination. This is on the assumption that tlie 
7 c.c. of mixed reagents contained the same proportion of dissolved oxygen 
os the water under examination, which is practically true. 


Thus in a particular detennination, 332 5 c.o. of the water wore taken, and 
the difference between the burette readings for the blank and for tho dksolved 
oxygen determination was 2'.35 c.c. 


Assuming that tlio 7 c.c. of reagent added contained the same amount of dis- 
solved oxygon as the water under examination, then a litre of tho water contained 
2 35 X 1000 2350 

"^3^*5 — * “ 33 ' - oxygen at 0° C..and 760 mm. 


For the Results of Estimation of Oxyseu ia Water refer to paragraph* 

97i'974- 
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GENERAL REMARKS ON THE RESULTS OP THE CHEMICAL 
EXAMINATION OP WATER. 

]\'ote . — The rc.sults of the above c.stiiiuitions are expressed in parts per 100,000 ; 
thr'y ran bo converted into grains per gallon by being multiplied by 0'7. 

646 - ^otal Dissolved Solids { 606 ). — Water which leaves a large 
re sidue on evaporation is not suitable for manufacturing purpose.^, since ita 
use leads to vva.stc of soap in washing, and produces scale in steam-boilers. 
Such water is not, however, ncce.ssarily undc.sirablo for use as drinking-water. 

The amount of dissolved solids present in water depends mainly upon tlie 
nature of the soil through which the water has percolated. River-water 
u.sually contains from 10 to :10 parts of dissolved matter per 100,000. Shallow 
well-water may contain from 30 to 200 parts or even more, the variation in 
this class of waters being very great. Deep well-waters may contain from 
20 to 70 parts, but the proportion varies even beyond those limits in some 
cases. 

The weight of total solids found should be approximately equal to the 
sum of the weights of all the constituents estimated separately, 

647* The Ammonium Salts (607) present in water are almost invariably 
of animal origin. 1 'heir presence asually points to recent sewage contamina- 
tion, since ammonia is one of the first products of change of nitrogenous 
animal refuse. When ammonia is pre.scnt in water which contains calcium 
or magnesium carbonate.?, it is readily oxidised to nitrite and nitrate ; hence 
its amount is reduced by keeping the water, and it should thereforo be esti- 
mated as soon as possible after the water has been collected. 

The amount of ammonia wliich is present as ammonium salts in water 
vai'ics greatly. 

Upland Surface-water usua ly contains about 0 002 per 100,000, but tlu; 
amount may exceed 0*008. If the land through which the water passes is 
manured, the amount of ammonia may rise to 0*03 or even higher. 

Shalluiv Well-water may be free from ammonia, or may contain any amount 
not exceeding about 2*5. 

Deep Well-water may contain as much as 0*1, but frequently contains 
no aminoni.a at all. The presence of a high proportion of ammonia in a deep 
well-water casts suspicion on the water if the albuminoid ammonia rises 
above a mere trace, or if any appreciable amount of oxygen is required in the 
permanganate test. 
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Spring-ivaler contains but little ammonia, seldom more than O’Ol ; the 
average amount is about 0*001. 

Sewage m\y contain as much as 10 parts. 

As a rule, it may be stated that the quality of the water must be considei*ed 
suspicious, if the water contains as much as 0*01 of amtnonia per 100,000, 

648. Albuminoid Ammonia, as has been already explained (615), 
gives an indication of the amount of organic nitrogenous matter present in 
Die water. It should not exceed 0*008 part per 100,000, although in special 
cases a iargcjr proportion may not be condemnatory. 

649. Oxygen Consumed by the Organic Matter (618).— The 
relative freedom from organic im[)urity may be judged from the results of 
the permanganate process, by the following standards. The weight of oxygen 
retpiircd for 100,000 parts of the water is stated in the Table. 



Upland Surface- 
water. 

Water from other 
sources. 

W’.ite.r of 



(treat purity . , 

Not exceeding 0*1, 

Not exceeding 0*05. 

Medium purity . 

j From 0*1 to 0*3. 

From 0*05 to 0*15. 

I4oubtful purity 

! From 0*3 to 0*-t. 

From 0*15 to 0*2. 

fnipuro . , . 

: Exceeding 0*4. 

Exceeding 0*2. 


650. Chloride (619) is usually present in water as sodium chloride, 
occasionally as chloride of calcium or of some other metal. Sodium chloride 
may occasionally bo derived from the soil. It may also be derived from sea 
water, wliich has been either mixed with the water or introduced as sea- 
Bjtray. If no such source of the chloride can be traced, and its quantity 
exceeds 2 parts per 100,000, it is considered to be derived from urine. 

}lain-wakr usually contains sodium chloride, which has been derived from 
tlie air. 


Spring- a,nd Rirer-ivater, if they are unpolluted with animal refuse, usually 
contain less than I part of chlorine as chloride per 100,000. 

Shallow Well-water may contain almost any amount of chloride, the pro- 
portion depending on Wie extent to which sewage has percolated into the 
well. • ; 

651. Nitrite (620), if it is present in any appreciable quantity, should 
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be regarded as an indication of comparatively recent sewage contamination. 
Nitrite is readily oxidised to nitrate. 'Both nitrate and nitrite are innocuous, 
but they are usually oxidation products of objectionable organic matter 
whicli has previously been present in the water ( 652 ). ** 

Nitrite in De.ep Well-water has probably been produced by the deoxidation 
of nitrate. When nitrite is found in deep well-water, it is therefore not looked 
upon with as much suspicion as when it is found in I'lhalhw Well-waier or in 
Upland Surface-imter, unless albuminoid ammonia or organic matter is also 
|)re.sent in appreciable quantity. 

652 . Nitrogen as Nitrite and Nitrate ( 621 ).“ The estimation of 
the nitrogen present as nitrite and nitrate is of importance for the following 
reason ; 

When nitrogenous organic matter is fully oxidised, its nitrogen remains 
chiefly in the form of nitrate ; but nitrite is also occasionally present if the 
oxidation is incomplete. Thus, the presence of a large amount of nitrogen 
as nitrite and nitrate points to past sewage contamination. This implies 
that, if the filtration and aeration which have caused the oxidation of I lie 
organic matter should fail, there will be the risk of recent unoxidised sewage- 
matter being present in the water. Such a risk is, however, practically absent 
in the case of water drawn from well- constructed deep wells. 

Upland Surface -water t if jfflMntaminated, should not contain more than 
D*03 of nitrogen as nitrate IpPnitrite per 100,000, although in cultivaletl 
districts the amount may reach I part per 100 , 000 . 

In Shallow Well-water the amount of oxidised nitrogen varies greatly. 

In Deep Well-water the amount of oxidised nitrogen may rise to 5 parts, 
but the average is only . 0 * 6 . 

653. The Degree of Hardness of water (625) is chiefly of importance, 
when the water is used with soap for cleahsing or for manufacturing purposes, 
or when it is used for generating steam in steam-boilers. 

If water is required for drinking purposes, its hardness may vary from 
2 to 50 parts per 100,000. Hardness within these limits seems to have no 
effect upon the health of the consumers, but a very hard water is not suitable 
for technical purposes. The character of the hardness will depend upon the 
nature of the soil with lyhich the water has been in contact. 

Water may he removal of its temporary hardness. This 

is usually effected by oipRP^rocess. The process consists in adding sufficient 
milk of lime to . neutralise the carbonic acid which is in the water. The 
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calcium hydrate thus added is precipitated as carbonate, together with the 
dissolved calcium and magnesium carbonates. Since calcium carbonate is 
soluble to a small extent in water free from carbonic acid, a slight degree of 
hardness remains after the treatment with slaked lime. 

It has been found that by adding to 700 gallons of the water one ounce 
of quicklime for each degree of temporary hardness per 100,000 a good result 
is obtained. 

For technical purposes, both the temporary and permanent hardness may 
be removed by the addition of a mixt\ire a sodium hydrate and sodium 
carbonate. The removal of calcium salts is more complete if solution of an 
alkaline oxalate is added in slight excess. 

654. Objectionable Metallic Constituents (635). —Opinions differ as 
to the limits allowable for certain metals in water, but probalily those statad 
below will be generally accepted. 

Iron . — Not more than Od part of iron [)cr 100,000 should be [)! esent in 
water to be used for domestic and lachnical purposes : when as much as 0*3 
part per 100,000 is present, the water has a distinct chalybeate taste. Tlie 
amount is reducible by aeration or filtration. 

Copper is very rarely found unless the water has been stored in copper 
vessels : not moi e than 0*1 part per 100,000 of water is permissible. 

Zinc lias been found as a normal constituent of certain mineral waters ; 
quantities varying from 0*0015 part of ZnCOj parts of ZnS04 per 100,000 
have been found. It may also be introduced by contact of the water with 
galvanised iron pipes or tanks. Its presence in a drinking- water is undesirable. 

Lead has more often caused serious or fatal disturbances to health u'hen 
taken in drinking-water than any other metal. It is not a normal constituent 
of natural water, but is generally derived from contact of soft water with 
lead pipes or with lead- lined tanks. Its action will vary with different 
individuals, but generally speaking not more than 0*025 part per 100,000 
of water may be present without producing an effect when the water is drunk : 
0 05 is considcied decidedly dangerous, while 0*095 part has proved fatal in 
drinking-water. Drinking-water should undoubtedly be free from lead, as 
ff s physiological action is increased by the fact that lead accumulates in the 
organism and is not constantly voided. 



PAllT IV.-SECTION XI. 

ANALYSIS OP FOOD-MATERIALS, SOAP AND OILS 


662. Introductory Remctrks. — In this Section certain processes are 
described for the chemical examination of food. Those which are most 
frequently in use, and are more or le.ss tyj)ical, have been selected, and a few 
analyses of Technical Products are appended* 


Analysis op Milk. 

663. The constituents which are usually estimated in milk are the total 
solids, the ash, and the fat. From the results thus obtained the amounts of 
w'ater and of “ solids not fat ” are deduced. The casein and tho milk-sugar, 
which are included in the latter term, are rarely estimated separately. 

The examination ipay frequently be curtailed by determining the specific 
gravity of the milk and the percentage of total solids, and then calculating 
the ^rcentage of fat present by the formula given in paragraph 673 (c)* 
any cRubt is thus raised as to the due proportion of fat being present, the fat 
may then be directly estimated by one of the four methods described in 
paragraphs 666-672. 

664. Estimation of the Total Solids. — Mix the sample of milk well 
by shaking it, and measure 6 o.c. into a small flat-bottomed platinum disk, 
whose weight together with about 7 era. of stout platinum wire is known. 
Then weigh the dish with the milk quickly, in order to ascertain the weight 
of the 5 c.c. of milk. 

Evaporate the milk to dryness upon the steam-bath, occasionally drawing 
aside the film from the surface by the platinum wire. Transfer the dish with 
the residue to the steanl-oven, and continue to heat it until its weight is 
constant. About usually necessary to complete this process 
of drying. 

665. Estimatidfi df tUd Asa.— Ignite the residue in the platinum dish 
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(664) over a Burisen or Argand flame, at a temperature which never reacliea 
visible redness, since if the temperature of ignition is too high part of the 
chloride will bo volatilised. Continue the ignition until all the volatile matter 
has been driven off, and the carbon has been completely burnt ; then allow 
the dish to cool, and weigh it. 

666. First Method for Estimating Fat.— The fat is extracted from 
the dry residue of the milk (664) by ether, the ether is removed by distillation, 
and the residue of fat is weighed. 

The Process , — Mix the milk well by shaking it, and weigh 10 c.c. in a 
stoppered weighing-bottle ; then pour it upon about 20 grams of dry clean 
silver-sand or of anhydrous plaster of Paris, contained in a porcelain 
evaporating-dish about 7 cm. in diameter. The sand should have been freed 
from soluble matter by treating it with hydrochloric acid and washing it 
with water, and should then have been dried by heat. 

Place the dish on the water-bath, and heat it until the mass is dry, stirring 
continually in order to prevent the formation of lumps. Then remove the 
fat from this residue by extracting it with ether in the Soxhlet apparatus 
(671), or by the following method, wbjich is however more tedious ; 

Transfer the residue from the dish to a wido-mouthed 250 c.c. round flask, 
detaching the last portions if necessary by using a little ether and a glass rod. 

Heat the residue in the flask with about 50 c.c. of anhydrous ether. For 
this operation the flask should be connected with a reflux condenser, so that 
the other, as it is boiled off, may be condensed and caused to flow back again 
into the flask. 

After the ether has been boiled for about half an hour, pour off the ethereal 
extract of the fat through a dry filter into a weighed flask. Repeat these 
opeiations with 50 c.c. more ether, and pour the ether off through the filter 
into the same flask as before. 

Finally wash the residue, which still contains a little fat, with more ether, 
until no fat is left when the last drops of ether are evaporated to dryness 
on a watch-glass. Add these washings to the ether-extract which is already 
in the flask. 

Distil off the ether from the fat-extract, os far as possible, condensing the 
ether-vapour by means of a condenser. Remove the flask to the water-bath, 
and heat it for some time ; finally heat it in the steam-oven, until its weight 
constant, 

It will probably be found convenient to distil off ethereal 

®clnticm of fat, as soon as it has been filtered into the The subsequent 

extracts and washings are thou poured into the same flask, and are subjected to 
fli'itillation later on. 
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667. The Werner-Schmidt Method for Estimating Fat.— 'I’lia 
milk is mixed with hydrochloric acid and heated. The acid attacks the casein, 
which incloses the fat-globules, and thus renders the fat easily soluble in 
Aher. Kther is now added and the liquid is vigorously shaken. The volume 
of the ethereal solution is noted after it has risen above the acid liquid. An 
aliquot measured part of this ethereal solution is removed into a small weighed 
dish, and the ether is evaporated. From the weight of fat which is tlms 
obtained the amount of fat which is in solution in the whole of the ether 
can be calculated. 

The Process . — Mix the milk well by shaking it, and weigh accurately 
about 10 grams into a Schmidt tube (Fig. 95), which is graduated into 50 e.e. 

Add 10 c.c. of strong hydrochloric acid, close the bottle wilh 
a cork, and heat it in the water-bath for about ten minutes, 
shaldng it occasionally. The liquid will become dark brow a 
in colour, owing to the chemical action of the acid upon the 
casein. 

Now cool the liquid rapidly by holding the t ube in a stream 
of cold water. When it is perfectly cold, fill the tube to tho 
50 c.c. graduation with ether, which has been freed from 
alcoliol by washing it\opcatedly with water. Then in-ioit 
tho cork, and shake tho liquid vigorously for one minute. 

When the other has again risen to the surface, a small 
layer of undissolved matter will be seen between tho ethereal 
Scn.MiuT Tuse. acid portions of the liquid. Read oif the volume of 

the other from the middle of this layer of undissolved matter 
to its upper surface. 

Transfer rapidly two 10 c.c. portions of tho ether solution, by means of a 
dry pipette, into separate tarod porcelain dishes. Evaporate these to dryne.^^ 
on the water-bath. Then remove each of the dishea to the steam-oven, ami 
heat it until its weight is constant. 

The percentage of fat in the milk is calculated from the mean of the weights 
of fat which are obtained in these two estimations. 

Example —In an actual estimation, 10 grams of milk were used. 

After agitation with ether, the ethereal solution measured 28 c.c. 

Tho evaporation of 10 0 . 0 . of solution yielded 0T24 gram of fat. 

, * 0-124 X 28 

Hence 10 grama of the milk contained — 0 347 gram of fat. 

Therefore the milk contains B*47 per cent, of fat. 

668. Eichtnond^f^bdifled Gotlieb Method. — Accurately weigh o* 
measure about 6 grama of the milk into a narrow 50 c.c. stoppered cylinder 
25 cm. in height, and standing on a foot. Add 0-5 c.c. of ammonium hychirto 
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solution and shake the liquids, then add 5 c.c. of alcohol of about 0-83 s[)cciric 
gravity and shake the liquids again. Now add about 12*5 c.c. of methylated 
ether of 0*720 specific gravity, and mix the liquids by shaking the vessel ; 
finally add 12*5 c.c. of petroleum ether, and shako the whole two or three 
times. The above directions for mixing the liquids aftei each addition must 
be carefully followed. 

Then draw olT as much as possible of the ethereal layer into a flask, shako 
up the residual liquid with a mixture of about 25 c.c. cadi of ether and 
petroleum ether, and remove as mucli as possible of the ether layer into the 
flask, repeating this treatment twice in a similar way with fresli etlier, Dis^til 
the ether from the flask and dry the flask in the sleam-ovcn until its 
weight is constant. Then dissolve out the fat witli a little })etroIeum ether, 
and subtract the weight of the very slight dried residue from the total weight 
of fat already obtained. 

If the milk is sour, lumps are somelinic.s seen aficr (he ether has I'cen 
added, but these will disappear if (lie tube is placed in warm water for a few 
minutes and is then well shaken. 

669* Adams' Method for Estimating Fat.- According to this 
method, a known weight of the well-mi.xed milk is absorbed by a strip of 
filter-paper. The filter-paper is then dried, and the fat is subsequently 
removed by means of ether in an extraction-apparatus. The resulting ether 
solution is distilled in order to remove the ether, and the residual fat is 
weighed. 

The milk-residue thus obtained presents a very largo surface to the solvf ut 
action of the etlier, and the removal of the fat can therefore be quickly and 
completely effected. ^The filter-paper and the extraction-apparatus, which 
are required for this process, are described below. 

670 . The Filter-paper Strip . — The strip is 58 cm. long, and about 6 cm. 
wide. Its exact width will be determined by the dimensions of the reservoir 
of the Soxhlet extraction-apparatus (Fig. 94, 6). The strip should be of such 
a width that when it is coiled up and placed in the reservoir of the Soxhlet 
apparatus, it reaches nearly to the upper bend of the syphon-tube (6). 

Paper practically free from fat, and from other matter soluble in ether, may 
be purchased for use in this process. A strip of such paper may, however, 
contain from four to five milligrams of matter soluble in ether, and this 
should be either removed or allowed for in accurate analyses, as is described 
below. 

If Ordinary Filter-paper or blotilng-paper Is used, it will contain matter 
soluble in ether. This is either extracted from each strip of paper by the 
blowing treatment before it is used in the process, or the .soluble m.nlter is 
est^matpd and allowed for. 
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If tho papei’-coil is to be froe:l from fat, soap, atid resin, treat it as 
follows: Place the coil in tho extractor (Kig. 9(1), Half fill tho flask (a) with 
('ther, and boil the ether for about half an hour by heatiiig tho flask in an evaporat- 
ing-dish containing water. Then extinguish tho heating flame, ami take out tin* 
paper-coil. The coil will now bo free from all matter soluble in ether, and will l)e 
ready for use. 

If tho fatty matter is to be estimated and allowed for, tho loss of weight 
which five similar strips of the paper sufTer when they are treated with ether in tho 
Soxhlet a])paratus ( 67 1 ) is ascertained in tho abov'e way. Krom this result tlio 
average weight of the soluble matter in one strip is calculated, and this weigh' -, 
which usually amounts to from JO to 12 milligrams, is subtracted from the weight 
of the rnilk-fat which is subsequentl}" found. 


Fio. 96. 



Tiih Soxulbt Extractor. 


671. The Soxhlet Extraction’apparatus. — A suitable extraction -apparalui^ 
is shown, ready for use, in Fig. 96 . 

The flask (ft) contains the solvent liquid. The neck of this flask is con- 
nected with tho Soxhlet. extractor (6, c) by means of an ordinary cork, the 
lower end of the extractor being pushed through a perforation in tho cork. 
Into the upper end of the extractor another cork is fitted, through a perforation 
in which tho end of the adapter (if) passes. Tho adapter is a conical piece of 
glass tube, bent as is shown in tho figure ; it enables the Liebig condenser (c) 
to bo attached to the extractor at a convenient angle. 
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Instead of using the adapter and Liebig condenser, one of the forms of con- 
densers described in paragraph ioi6 may bo fitted directly into the cork of the 
extractor. 

The corks which are used in this apparatus must have been previously 
extracted with ether, in order to remove all matter soluble in that liquid. 

The requisite quantity of ether or other solvent is poured into the flask (a), 
and the paper, or other substance which is to be treated with the solvent, 
is placed in the broad central tube of the extractor {h, c). The substance 
should not reach higher than the shaded portion in the figure ; it is usually 
placed in a bag made of filter-paper, so that no solid matter can find its way 
into the reservoir and thence through the side-tube (ft) into the flask [a). 

Note . — An “ Extractor-thimble ” may bo purchased, which is made of fat- 
freo paper in a size and shape suitable for insertion in the extractor. It may be 
used repeatedly for the process of extraction. 

When the liquid in the flask (a) is boiled, its vapour passes up through 
the lower central tube, and thence through the side-tube (c) since there is 
no direct communication between the reservoir and the lower central tube. 
The vapour then pavsses into the condenser, and the condensed liquid 
drops back from the adapter (d) upon the substance in the reservoir, and 
accumulates in the reservoir. 

As soon as the liquid reaches the level of the upper bend of the narrow 
syphon-tube (ft), which communicates with the bottom of the reservoir, it 
fills that tube and syphons over and thus finds its way back again to the 
flask (a). This process will repeat itself as often a's the liquid collects in the 
reservoir in sufficient quantity to reach the necessary level. In this way the 
substance is constantly brought into contact with the pure warm solvent ; and 
the matter thus extra^ed is carried by the solvent into the flask (a), where 
it will gradually accumulate. 

672. The Process of Extracting the Fat.— The following method 
of preparing the paper-coil for the extraction of fat may be adopted t Pin 
the end of one of the paper-strips (67O) to the edge of the bench, so that the 
strip hangs vertically in the air. Then allow 5 c.c. of the well-shaken milk 
to drop slowly upon the paper and to be absorbed by it, removing the last 
portions of the milk from the pipette by rubbing the point against the dry part 
of the paper. Now allow the strip to hang until it is quite .dry, hastening 
the drying process, if necessary, by holding the strip near the side of a 
steam-oven. 

Then roll the paper into a coil, andS^Iace it in the Soxhlet extractor (Fig. 
96 ) ; pour about 100 c.o. of anhydrous ether into the weighed flask, and 
heat the flask in a small dish of water sufficiently to keep the ether boiling, 
Maintain the heat until the ether has syphoned over from the extractor at 
least twelve times. 



336 


MILK ANALYSIS. 


[673, 


If any suspended matter is present in the tared flask, the ethereal solution 
must bo filtered into a second tared flask ; the filter is then washed with ether, 
and the washings are added to the flask before distilling off the ether. If the 
paper-coil is placed in an “ extractor-thimble ” (67l» Note) no solid partieles 
will pass into the flask. 

Then distil off the ether as far as possible, and dry the fat-residue by heat- 
ing the flask upon the water-bath, and finally in the steam-oven. As soon 
as the weight of the flask containing the fat is constant, the amount of the 
fat is found by subtracting the weight of the flask. Since the weight of the 5 c.c. 
of milk, which contained this weight of fat, is known {664), the percentage of 
fat may bo calculated from these results. 

673. The Other Principal Constituents of the Milk arc not 
estimated directly, but their amounts are calculated from tJle results already 
obtained, as Is described below ; 

(a) Estimation of Water.— The water in the milk is estimated by 
difference. The percentage of milk solids ( 664 )> when subtracted from 100. 
gives the percemtage of water: 

(b) Estimation of the “ Solids not Fat.’* — The percentage of “ solids 
not fat” is obtained by subtracting the percentage of fat ( 666 - 672 ) 
from the percentage of milk solids (664). 

(c) Estimation of Fat by Calculation. — The results which have 
been obtained by the direct analysis of the milk may be checked by an in- 
direct method of calculation. This is based upon the ^flowing considerations ! 

The specific gravity of milk is influenced by the amounts of fat and of 
“ solids not fat ” which are present, the former tending to lower the specific 
gravity, and the latter to raise it. Several formula?, expressing the relation of 
the quantity of fat to the specific gravity and the amount of total solids, 
have been proposed. 

The following formula, which is adapted to the Adams process of fid- 
extraction, has been given by Hehner and Richmond : 

„ T 0*219 [(G X 1000) - 1000] 

^'=1*2" G 

in which P represents the percentage of fat, T the percentage of total solids, 
and G the specific gravity of the milllp 

In the case of a poor skimmed milk a correction must be made, by subtract- 
ing from the result obtained by the above formula the following amount j 

r(G X 1000) - 1000 
0 05 X |_' 2 
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Example. — A milk which yielded I2\'> i)er cent, of total solids, and had 

, , , 12 6 0-219 X 30 

epecifio gravity of I '030, would contain — — 4-1 per cent, of fat. 


674. Remarks on the Results of Milk Analysis.— The results of 
the analysis of milk may either be returned as grams per 100 c.o., or as percent- 
age weights. If the percentage weights are to be given, the specific gravity 
of the well-mixed milk at 16 - 5 ° C. is taken (33-38) ; the weights of the volumes 
of milk which have been used are then calculated from the specific gravity, and 
the analytical results are converted into percentage weights. The separate 
portions of the milk which are used in the analysis may however be weighed 
instead of being measured, and this will render the determination of the 
specific gravity unnecessary. 

The most (Jftinmon adulterant of milk is water ; and this “ watering,” or 
addition of water, deduces the percentage of total solids in the milk. But 
the quality of the milk may also be reduced by “ skimming,” or removal of 
fat in the form of cream, which only reduces the amount of fat. 

The “ solids not fat ” in genuine whole milk should not be less than 8'6 
per cent. This number, however, is only obtained from a milk of poor quality, 
and 9 per cent, is sometimes the minimum limit accepted. 

The amount of fat present in milk should not be less than 3 per cent, 
but it varies with the season and with the method of feeding the cows. 

Taking the above minimum percentages of “fat” and of “solids not 
fat ” as standards, the extent of adulteration with water, and of impoverish- 
ment by the removal of fat, may be calculated as follows i 


If a is the percentage of “ solids not fat ” in a sample of watered milk, 

100 

then the percentage of pure milk present will be x a, and the percentage 

0*6 

100 

of added water will be 100 - -^o. 

o’O 

Also if 6 is the percentage of fat, the number of grams of fat which have 
been removed by skimming 100 grams of the milk, whether it has been watered 
3 a ... 

)r not, will be 8*5 - b; and the percentage deficiency due to skimming only 

( 3® \ 100 

glg-hj -g-. The whole deficiency of ftit due to both skimming 

and watering, stated as a percentage of the fat which is present in the accepted 

standard milk, will be x 100. 

o 

A useful criterion as to whether milk has been skimmed is furnished by 
determining the amount of protein matter presents This may be effected 
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by estimating the amount of nitrogen contained in 10 c.c. of the milk by the 
Kjeldahl process (807) : this amount when multiplied by 6'37 gives the weight 
of proteins present. 

General experience proves that in “ whole ” or unskimmed milk the 
amount of fat present is at least as great as the amount of protein matter. 

This criterion is of special value in judging condensed milks, 

674. Preservatives in Milk. — Certain substances are occasionally 
introduced into milk, more especially during hot weather, in order to pre- 
vent it from undergoing change. Those which have been most commonly 
detected are borax or boric acid, and formaldehyde introduced as the aqueous 
solution termed “ formalin.” 

675* Borax and Boric Acid may be tested for by adding a few drops of 
alcoholic extract of turmeric to a little milk acidified by oxalic or citric acid, 
and evaporating to dryness in a flat porcelain dish : a bright red coloration 
of the residue, which changes to bluish green on the addition of ammonia 
solution, indicates the presence of borax or boric acid. 

If this coloration is obtained, the amount of the preservative may be esti- 
mated by titrating the boric acid as is directed below : 

To 100 grams of the sample add from 1 to 2 grams of potassium hydroxide 
and evaporate to dryness in a platinum dish. Char the residue thoroughly 
at a low temperature, and when it is cool boil it with 20 c.c. water, adding 
HCl drop by drop until all is dissolved except carbon. Filter into a 100 c.c. 
flask, taking care that the filtrate with the washings does not exceed 60 or 
60 c.c. in volume. 

Remove the phosphates from this liquid by adding to it 0‘5 gram of calcium 
chloride, and then making it slightly alkaline to phenol-phthalein by adding 
a few drops of 10 per cent, potassium hydroxide solution and then 25 c.c. of 
lime-water. 

Now make up the liquid to 100 c.c. with water and filter it through a dry 
filter. To 50 c.c. of this filtrate add justenough normal sulphuric acid to destroy 
the pink colour, then add methyl-orange, and continue adding the normal acid 
until the liquid j ust gives the red acid indication with the methyl-orange. After 
boiling to expel carbon dioxide, add decinormal potassium hydroxide solution 
cautiously until the reaction just becomes neutral : then add an equal volume 
of glycerol, and titrate the boric acid with decinormal KOH solution until a 
permanent pink colour is produced with the phenol-phthaloin. Each c.o. 
of the decinormal alkali corresponds to 0’0062 gram of H3BO3, to 0*0035 
gram of BjjOa, or to 0*00955 gram of NajB^Oj.lOHjiO. 

676. Formaldehyde may be tested for by a reagent consisting of a 
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mixture of O'l c.c. of pure nitric acid, or 1*6 o.o. of normal nitric acid, with 
100 o.c. of strong hydrochloric acid. 

10 c.c. of this freshly made reagent are added to 6 c.c. of the milk in a 
test-tube, and the mixture, after being vigorously shaken, is kept for ten 
minutes in a water-bath at the temperature of 60® C. : the liquid is then 
cooled rapidly to about 15® C. A violet coloration of the liquid indicates 
the presence of formaldehyde in the milk. 

The proportion of formaldehyde in the milk may be estimated by compar- 
ing the intensity of this coloration with that furnished by each of several 
standard tubes containing milk with known amounts of formaldehyde, which 
have been treated in precisely the same way. The reaction is most delicate 
when from 0’2 to 6 parts of formaldehyde are present in a million of milk, 
and if the colour is deeper than that corresponding to 6 parts per million, 
the sample should be diluted with pure milk down to that proportion. 

Another method of estimation consists in adding to 100 grams of the milk, 
1 0 . 0 . of dilute sulphuric acid made by mixing the strong acid with three times 
its volume of water, and distilling over 20 c.c. of this liquid. The amount 
of formaldehyde in the distillate is then estimated by the iodomotrio method 
(34^)> ^od is multiplied by three, since the distillate contains about one- third 
of the formaldehyde which was originally present in the milk. 

For the Average Results of Analyses of Milk refer to paragraph 965. 


Analysis of Butter. 

677 - B' is usual to estimate in butter, the water, curd, salt and fat. 
If preservatives are detected, it may also be necessary to estimate the 
amount of boric acid which is present either as such or as producible from 
borax. In case the butter is to be tested for foreign fats, a further examina- 
tion is necessary, such as is described in paragraphs 685-689. 

678. Estimation of the Water. — ^Weigh out accurately about 6 
grams of the butter into a tarod di^; heat it in the steam -oven, or better 
in an air-oven to a temperature of 110 * C., until no globules of water can be 
seen below the fat, and until the weight becomes constant. The loss of weight 
represents the water. 

679* Estimation of the Ourd and Salt.— Melt the dry butter (678), 
and treat it with about 10 0 . 0 . of ether, pouring off the ether solution through 
a tared filter. Then treat the residue again with ether, transfer it to the filter, 
and continue to wash it with ether until the last few drops of the ether give 
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no residue when they are evaporated to dryness on a watch-glass. Then dry 
the filter and its contents in the steam-oven, until their weitrht becomes 
constant. The weight of the residue represents the amount of curd and salt 
in the weight of butter taken (678). 

The ether solution may be reserved for the direct estimation of the fat 

(682). 

680. Estimation of the Ash. — Transfer the dried filter and its contents 
(679) to a weighed platinum crucible, and ignite them at as low a temperature 
as possible, until the residue is white in colour and its weight is constant. 

The residue should consist almost wholly of salt, but it may contain boric 
acid or borax introduced into the butter as a preservative. The ash may 
be dissolved in water, and half the solution may then bo titrated for salt 
by silver nitrate (373), while the other half is tested for boric acid (675)* 
boric acid is found it may be estimated as is directed in paragraph 68I. 

681. Estimation of Boric Acid.~10 grams of the butter are heated 
gently in a small evaporating-dish, and the melted fat is washed into a small 
stoppered separating- funnel M'itli about 40 c.c. of boiling water. The whole 
is then well shaken and allowed to stand until the fat has separated completely 
from the water, when the water is allowed to flow off through the tap into a 
100 c.o. flask. 

This treatment is repeated three times, not more than 20 c.o. of boiling 
water being used on each occasion. 1’he four washings are then cooled in 
the flask and are made up to the 100 c.c. mark with distilled water. This 
solution is filtered through a dry filter, and 50 c.o. are rendered alkaline to 
phenol-phthalein by being mixed with a few drops of KOH-solution, and 
are then titrated as is directed in the last paragraph of 675* 

682. Estimation of the Fat. — ^The fat may be estimated either by 
difference or directly. The estimation by difference is the more exact method. 

If the fat is to be estimated by difference, its percentage is found by sub- 
tracting the sum of the percentages of water, curd and salt (678, 679) from 100. 

If the fat is to be estimated directly, the ethereal solution and washings 
from paragraph 679 transferred to a weighed flask, and the ether is dis- 
tilled off as far as possible. The flask containing the residue of fat is then 
heated for some time on the water-bath> and is finally dried in the steam-oven 
until iU weight is constant. 

683. Bemarks on the Besults of Butter Analysis.— Hehner 
itates that the percentage of water present in well-made butter of good 
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quality is not as a rulo greater tlian 13, nor less than 11. A proportion exceed- 
ing 16 per cent, indicates either oareless making or intentional adulteration. 

The percentage of curd and salt should amount to about 2*6, and although 
the weight may be considerably higher it should never reach 8 per cent. 

The percentage of fat, which averages from 85 to 87, should never fall 
below 80. 

For the Results of Analyses of Butter refer to paragraph 966. 


Detection op Foreign Fats in Butter. 

684* Four methods are given for detecting and estimating foreign fats i| 
butter. They are Reichert’s method (685-687). Hehner’s method (688)»* 
Koettst Offer’s method (689). and Blichfeldt’s method (1031)- 

The degree of rancidity of butter may also be estimated by the Koetts- 
torfer method, as is explained in paragraph 690- 

685. Reichert’s Method of Detecting Foreign Fats in Butter.— 
This method is based upon the fact that genuine butter-fat furnishes more 
than 4 per cent, of volatile fatty acids, whereas other fats either furnish no 
volatile acid or else a very much smaller proportion. 

This method is now employed either In the modified form described in para- 
graph (686), or as a second modification (687) which will be found to be more 
simple and rapid in execution. A standard process, known as the Reichert- 
WoUney method, is also described in paragraph 760. 

686. The First Modified Reichert Process requires the following pre- 
liminary preparations : 

(a) Caustic Soda Solution. — Dissolve 50 grams of caustic soda in 50 0.0. 
of water, let the liquid stand until it is clear and then decant it. This solution 
will be free from carbonate, since sodium carbonate is quite insoluble in a solu* 
tion containing 50 per cent, of sodium hydrate, 

(h) Dilute Sulphuric Acid of such strength that 6 0.0. are more than 
sufficient to neutralise 1*5 0.0. of the above caustic soda solution. 

[c) DeeinormeU Solution of Barium i^ydrofe.— This solution is preferred for 
the final titration of the volatile fatty acids because it can contain no soluble 
carbonate, and any carbonate which was present would evolve carbon dioxide 
during the titration with acid, which would seriously interfere with the 
accuracy of the process. 
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(d) Preparation of ** Butter-fat." — Prepare some butter-fat, free from 
moisture, salt, and curd, in the following way : 

Melt some of the butter in a small beaker on the water-bath. When the 
fat is clear, pour it off through a dry filter-paper which is supported, without 
a funnel, in another small beaker upon the water-bath. Care must bo taken 
that none of the water, from beneath the fat, is poured upon the filter, and the 
filtered liquid fat must be perfectly clear and transparent. The butter which 
has been prepared in this way will be termed “ butter-fat,” in order to dis- 
tinguish it from the unclarifiod butter. 

Process of Estimation . — Weigh out 2*5 grams of the cold “butter-fat” 
(d) into a dry flask, which is capable of holding about 200 c.c. Add about 
10 c.c. of alcohol, and then P5 c.c. of the .solution of caustic soda (a). At 
once close the flask with a rubber stopper, and gently shake the contents until 
they have become quite clear ; then allow the mixture to stand at a gentle 
heat for about ten miautos in order to complete the saponification. 

Now remove the rubber stopper, and replace it by a perforated cork, 
bearing a short piece of narrow glass tubing open at both ends. Then heat 
the flask upon the water-bath, so as to evaporate the alcohol. The narrow glass 
tube will prevent (lieentry of any carbon dioxide from the air, the absorption 
of which would ultimately lead to the result obtained being too high. 

When the alcohol has been driven off, add 70 c.c. of boiling distilled 
water which has been freed from carbon dioxide by being boiled for at least 
twenty minutes, and once more close the flask by the rubber stopper. As 
soon as the soap has been dissolved by the hot water, add 6 c.c. of the dilute 
sulphuric acid (b). Then shake the contents of the flask well, drop a few pieces 
of broken clay-pipe into the flask, and distil through a condenser (IOl6) at 
such a rate that 50 c.c. of distillate are collected in about a quarter of an hour. 
It is important that this distillation should not actually begin until the fatty 
acids in the flask have been melted to a clear yellowish oily fluid. 

Now filter the acid distillate through a filter-paper, which has previously 
been washed with distilled water freed from carbonic acid by boiling. Then 
wash the filter until it is free from acid, and titrate the well-mixed filtrate 
and washings with the decinormal baryta solution (c), using phenol-phthalein 
aa an indicator. 

If the butter-fat is genuine, the 60 c.c. of distillate will usually require 
for neutralisation about 13 c.c. of the decinormal barium hydrate solution 
and the quantity will rarely be less than 12*6 c.c. Butter made from the milk 
of individual cows not unfrequefitly gives lower results, especially when the 
cows are near the end of their period of lactation. On the other hand, 
butters produced in Egypt, Australia, and New Zealand usually require from 
15 to 10 o,Oi 
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Every sample of market-butter, which haa been made from the mixed 
milk of a number of cows and requires less than 12*6 o.o., should therefore 
be looked upon with suspicion ; and if the suspicious result obtained by this 
method is confirmed by other means, the adulteration of the sample may be 
considered to have been proved. 

The volatile acid contained in the 60 o.o. of distillate represents almost 
accurately 83 per cent, of the total quantity of volatile fatty acids contained 
in the butter-fat. Hence if the number of c.c. of decinormal solution used 
for 2‘5 grams of butter-fat is multiplied by the factor 0'424, the percentage 
of total volatile acids present, calculated as butyric acid (C4H8OJ), is approxi- 
mately obtained. 


The above factor is derived thus: Since the molecular weight of butyric 
acid is 88, each c.c. of dociuormal baryta solution corresponds to 0 0088 gram of 
butyric acid ; and since 2'5 grams of butter-fat were used, the percentage of butyric 


acid — n X 


0 0088 X 




X 40 j 


n X 0*424, where n is the number of c.o. 


of baryta solution used. 


687. The Second Modified Reichert Process is described below. It is 
much more rapid in execution, but requires a special solution of caustic soda. 

Caustic Soda Solution , — Dissolve 50 grams of caustic soda in water, dilute 
the solution to 100 o.o., and filter it through a toughened filter. Add this to 
600 grams of pure glycerine, and stir well. 

Process of Estimation . — Weigh 6 grams of the butter-fat into a wide- 
mouthed flask, add 10 c.o. of the glycerine solution, and heat it by means of 
a small flame until frothing ceases and the solution becomes clear. Allow 
the liquid to cool somewhat, and then add very gradually 95 c.o. of freshly 
boiled distilled water, constantly shaking the liquid in order to prevent loss 
by frothing. 

Now add 60 c.o. of normal sulphuric acid, drop in about 0*1 gram of 
powdered pumice, connect the flask with a condenser, and commence the 
distillation as soon as the layer of fatty acids haa become quite clear. The 
process of distillation has been already described on page 342. 

Collect 110 c.o. by distillation *, filter off 100 o,c. of the distillate through 
a dry filter, and titrate the acid in this filtrate by decinormal barium hydrate 
solution (c), using phenol-phthalein as an indicator. Add to this result one- 
tenth of the number of 0.0. of barium hydrate solution used. 

Process of Calculation . — Let N represent the number of c.o. of the barium 
hydrate solution used for the neutralisation of the distillate from the butter- 
fat, and n the volume in 0.0. of the barium hydrate solution required by the 
distillate in a blank estimation in which no butter-fat has been used ; then, 
since 6 grams of normal butter-fat require 26 0,0,, 
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Jl) The percentage of foreign fats = 


26-(N-n) 

26 


X 100. 


tm, 


This formula does not allow for the presence of volatile fatty acids in 
margarine. But if y represents the number of o.c. of standard barium hydrate 
solution required to neutralise the volatile fatty acids in 6 grams of margarine, 
then 

26-(N-n) 

(2) The percentage of foreign fats ■■ — ^ 

According to the statement given below, y varies between 0*0 and 4*0, but 
unless butter-fats are present the value does not exceed 1*0. Accordingly 
if first the value 0*0 and then 1*0 is substituted for yin the above formula, the 
extreme quantities of foreign fats which can be present will be found. The 
higher figure, 1*0, alone is usually taken for the calculation. 

AdvUeration with Foreign Fait . — The following statement shows that the 
volatile fatty acids, which are derived from equal weights of other ordinary 
fats, require a far smaller volume of the standard alkali to neutralise them 
than is the case with butter-fat. 

The volume in c.a of decinormal barium hydrate solution, which is 
required for neutralising the volatile fatty acids from 6 grams of the following 
fats, is for 

Genuine butter-fat •••••• 26*0 to 34*0 

Cocoa-nut fat 7*2 

Beef-fat 0*5 

Lard 0*6 

Margarine . . . • • • , 0*0 to 4*0 

Note. — The value, 4'0, given for margarine corresponds to a mixture which 
contains 10 per cent, of butter-fat ; this is the largest proportion allowed by law, 
. and a value of 1*0 may be taken as the average for oleo-margarine mixtures. 

The number for butter-fat is seen to differ so widely from the numbers 
obtained for all other fats, that it furnishes a means not only of detecting 
the admixture of foreign fats with the butter, but of calculating its amount 
as is described above. 

In calculating the percentage amount of adulteration in the butter-fat, 
it is usual to take the lowest number of o.o. required by 5 grams of genuine 
butter, 26*0, and the highest number, 1*0, required by margarine. This has 
been done in drawing out the above formulss. 


688. Hehner’s Method of Detecting Foreign Fats in Butter.— 
This method depends upon the fact that butter-fat contains a smaller 
proportion of fatty acids insoluble in water than other fats do. Hence, by 
estimating the amount of insoluble fatty acids in a sample of butter, the 
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presence of foreign fats may be detected, and the proportion in which they 
are present may be calculated. 

The Process , — ^Prepare from the butter some “butter-fat** free from 
moisture, curd, and salt (686, d). Then weigh accurately about 4 grams of 
this butter-fat into an evaporating-dish, about 15 cm. in diameter. Melt 
the fat on the water-bath, and add from 5 to 10 o.c. of a saturated solution 
of potassium hydrate in alcohol. The fat will be rapidly saponified. Now 
add a few drops of water, and if any fat separates out, add more alcohol and 
continue the heating. 

Dilute the soap-solution thus formed with water, and then boil it down 
until the smell of alcohol is no longer perceptible. Dissolve the soap, which 
will have partly separated out, in water ; and add dilute hydrochloric acid 
until the solution strongly reddens litmus-paper. Then heat 
the dish for about half an hour on the water-bath. The fatty Fio. 97. 
acids will form an oily layer above the aqueous solution, which 
should itself be almost clear. 

Separation and Washing of the Fatty Acids . — Now rinse 
out a “ butter-flask ” (Fig. 97), about a litre in capacity, with 
hot water, and transfer the fatty acids together with the 
liquid to the flask, reserving the dish. Allow the aqueous 
liquid to flow away by opening the stop-cock (a), leaving 
the melted fatty acids in the flask. Pour hot water into the 
flask, and shake it well with the fatty acids ; then allow the 
water to flow away again. Repeat this process of washing 
until the washing-water is no longer acid in reaction. Butter-flask. 

Now carefully open the stop-cock, allow the fatty acids 
to just reach the lower end of the tube (a), and remove the drop of water 
from beneath the fat by touching it with filter-paper. 

Then allow the whole of the fat to flow into a weighed glass dish. Rinse 
out the dish, which was used for the saponification, with a little ether. Pour 
this liquid into the butter-flask, and after shaking it round in the flask, allow 
it to flow through the tube (a) into the weighed dish. Rinse the butter-flask 
twice with fresh small portions of ether, and add these to the liquid in the gloss 
dish. Evaporate the ether by gentle heat, heat the dish containing the residue 

the steam-oven for a short time, and then cool it. 

If a drop of water is seen beneath the fat, out out a circular piece of fat 
^th a sharp penknife, so aa to be able to reach the water and absorb it by 
of filter-paper. Then place the dish in the water-oven, heat it for 
two hours, and weigh it when it is cold. Repeat these processes, until the 
difference between two consecutive weighings amounts to 1 or 2 milligrams 
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only ; the fat may then be considered aa dry, and the final weighing may b« 
taken as correct. 


The, Presence of Admixed Foreign Fats may be ascertained, and their 
amount may be found, from the percentage of insoluble fatty acids which ig 
thus obtained : 

Since animal fata contain on the average 95*5 per cent, of insoluble fatty 
acids, and butter-fat contains on an average only 87'5 per cent. {Note), 100 
parts of foreign fat contain 8 parts of insoluble fatty acids more than 100 
parts of butter do. Hence if (a) represents the percentage of insoluble fatty 
acids found, then the amount of foreign fat present in 100 parts of the butter- 
100(a - 87-5) 

fat = — — =1 12-5 (a -87-5). 


Note . — Although the percentage of insoluble fatty acids in butter is, as a nile, 
87”5, genuine butter has been found to contain 88'5, and even 89 per cent. 

Example.— Tn a particular estimation the butter-fat contained 93 '5 per cent, 
of insoluble fatty acids ; hence the amount of adulteration in 100 parts of tin; fat 
«=» 12'5(93’5 - 87'5) =■ 12*6 x 0 = 75. But the butter-sample contained 15 per 
cent, of water, curd, and salt, and 86 per cent, of butter-fat : therefore the percent- 
^ . 76 X 86 

age of adulteration in the sample — — — » 63*76, and the percentage of 
real butter present — 36*26. 


689. Koettstorfer’s Method of Detecting Foreign Fats in Butter.— 
This method depends upon the great difference between the moleculiir 
weights of certain fatty acids. This difference is made evident when the 
weight of potassium hydroxide which is requin. I to saponify a given weight of 
the different fats is determined. 

The Koettstorfer “ saponification value ” is the weight in milligiai^® 
of potassium hydroxide which is required for the complete saponification 
of 1 gram of the fat. 

The molecular weights of the fatty acids derivable from most natural 
fats are high and do not differ widely one from another, but the fatty acids 
present in butter are of comparatively low molecular weight since they con- 
tain not more than ten atoms of carbon in their molecules. 

Hence the saponifying power of a certain weight of butter will be greater 
than that of an equal weight of any other natural fat, and the saponifying 
power of equal weights of different samples of butter will be diminis hed by 
the presence of foreign fats in the butter- fat. 

The method founded on the above facts is simple and may be rapidly 
carried out. The solutions required are the following : 

(a) Alcohx)lic Solution of Potassium Hydrate , — About 35 grams of caustio 
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potash are dissolved in a litre of 9-1 per cent, alcohol. Since this solution is 
subject to change, it should bo prepared in small quantity only and should not 
be stored for any length of time. It must be titrated with standard acid 
each time it is used. 


(b) Seminormal Hydrochloric Acid Solution, made by diluting normal 
hydrochloric acid solution (290) with its own volume of water. 

(c) Phenol-phtkalein Solution : very dilute solution in alcohol (269). 


The Process of Kstimalion. — The butter is first clarified by fusion and 
filtration (686, d). 

About 1*6 grams of this “ butter-fat ” are accurately weighed into a flask 
holding about 260 c.c. ; 25 c.c. of the potassium hydrate solution (a) are then 
added, and the contents of the flask are heated for about fifteen minutes under 
a reflux-condenser until the solution is perfectly clear. Complete saponifica- 
tion is thus efTccted. One cubic centimetre of the phenol-phthalein solution 
(c) is then added, and the free alkali is titrated with the hydrochloric acid 
solution (b) with as little exposure to air as pos.siblo. The change of colour to 
yellow sharply indicates the end of the reaction. • 

Meanwhile 25 c.c. of the alcoholic potash solution (a) are treated in pre* 
cisely the same way as is described above, and are finally titrated with the 
standard acid. 

The difTeronce between the number of o.c. of acid which have been required 
in these two titrations is taken a.s representing the volume of seminormal 
potassium hydrate solution, which has been neutralised by the fatty acids 
of the butter-fat used in the experiment. This number of c.c. is multiplied 
by 0 028, in order to obtain the weight of potassium liydrate which has been 
neutralised by the butter-fat. From this result the “ Koettstorfer value,” 
or the number of milligrams of potassium hydrate which would be saponified 
[by 1 gram of the butter-fat, is calculated. It will be seen that this number 
cpresents the parts of KOH required to saponify 1000 parts of butter-fat. 

When pure butter-fat is treated in this way, it gives a number betw'een 
!21'5 and 233. Both oleo -margarine and lard, the common adulterants of 
cutter, give about 196*6. 


If the number which is yielded by a sample of butter-fat is below 221*6, 
he butter has been adulterated. 

The probable percentage amount of adulteration 


100 (227*25 - n) 100 (227*25 - n) 
227*25 - 195*5 ~ 31*76 


=3*16 (227*26 -n), 


Fhere n is the number obtained from the sample analysed, 227*26 is the mean 
^umber for pure butter-fat, and 196*6 is the mean number for adulterants. 
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Example. — ^In a particular estimation, 1'76 grams of the butter-fat were used. 

The blank titration of 25 c.o. of the KHO solution required 20‘4 o.o. of the 
standard acid. 

The titration of 26 o.o. of the KHO solution, which had been heated with the 
butter-fat, required 6 0 o.o. of the acid. 

Therefore the fatty acids were equivalent to 20*4- 6*0 — 14*4 o.o. of semi- 
normal acid, and would therefore neutralise 14*4 o.o. of seminornial 
KHO solutioiL 

14-4 

One gram of the butter-fat would therefore neutralise *■ 8*18 c.o. of semi 

normal KHO solution, which would contain 8*18 X 0*028 229 01 

milligrams of KHO. 

And since 1 gram of pure butter-fat neutralises from 221 to 233 milligrams of 
KHO, the sample of butter under examination was not adulterated with 
foreign fats. 

690. Estimation of Rancidity in Butter. — A modification of the al)0ve 
method offers a means of determining the degree of rancidity in butter, by estimat- 
ing the amount of free acid present in it. Prom 3 to 10 grams of the “ butter- 
fat ” (686, d) are weighed into a flask of about 100 c.o. capacity. Someethor is 
then freed from acidity, by adding first some phenol-phthalein solution (689, c), 
and then the alcoholic caustic potash solution (689, a) until the pink colour is just 
permanent. This ether is shaken with the butter-fat in quantity suflicient to 
dissolve it. The acid in the butter-fat solution is then titrated with the alcoholic 
potash solution, the value of which has been ascertained by means of the seminormal 
hydrochloric acid (689, b). 

The number of c.c. of semi-normal potash solution required by 100 grams ul 
palatable rancid butter-fat varies from 1 to 8, giving an average of 4. In excep- 
tional cases 15, 26, and even 41-6 c.c. have been required, but this last number 
corresponds to an intolerable degree of rancidity. 


Partial Analysis of Beer, Wine, and Spirits. 

691. The estimations which are usually made in the chemical examina- 
tion of a sample of beer are those of alcohol, acidity, and of total solid matter 
in solution. 

The nitrogen present in the albuminoid matters may be determined bj 
means of the Kjeldahl process (807) in the residue left on evaporation ; if the 
weight of nitrogen thus found is multiplied by 6*25 the approximate weight 
of albuminoids will be obtained. 

For excise purposes it is necessary to ascertain the " original gravity 
of the beer. This indicates the relative amount of solid matter which 
in solution in the “ wort ” before it was fermented. 

In examining spirits it is usually only necessary to estimate the amount 
of alcohol present, in order to detect dilution with water. The estimatmo 
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of alcohol in spirits is simplified tJie fact that they contain very little 
dissolved matter. In the case of beer and wine the presence of much dissolved 
matter renders distillation advisable, /is ib explained below ( 693 ). 

692. Estimation of the A.lcoho) in Spirits,— Take the specific 
gravity of the spirit at 16'6® 0. 133”i8) Then boil down a measured volume 
of the spirit to one-third to remove the alcohol. Cool the residue and make 
it up to its original volume with cUstilled water. Mix this liquid well, and 
then take its specific gravity at 15'5* C. The specific gravity which the spirit 
would possess, if it were deprived of its dissolved matter, can then be calculated 
by adding 1 to the specific gravity of the spirit, and subtracting from this 
the specific gravity which has been found for the diluted residue# From the 


Fig, 08. 



result thus obtained the proportion of alcohol in the spirit can be found by 
reference to the Alcohol Tables ( 985 , 986 ). 

Example. — A sample of brandy gave a specific gravity of 0*95628 ; the 
residue which was left after boiling down a measured volume of the brandy 
to one-third its volume was made up to its original volume with distilled water, 
and gave a specific gravity of 1*00328. Hence the specific gravity of the 
brandy, if it were deprived of its dissolved solid matter, would be 1*96528 - 1*00328 
"7 ^’95200. From the Alcohol Tables it is found that this specific gravity indicates 
the presence of 33 per cent, by weight of alcohol in the brandy. 

693 * Estimation of the Alcohol in Beer and Wine.— A volume 
of about 760 0,0, of the liquid is freed from the greater part of the carbon 


350 


WINE AND BEER ANALYSIS. 


[ 6 !’ 3 , 


dioxide which is dissolved in it. For this purpose the liquid may either be 
filtered, or it may be “ tossed ” by pouring it backwards and forwards from 
some height out of one vessel into another. 

The liquid is then distilled in an ordinary flask attached to a condenser 
(IOl6), or in the special apparatus which is shown in Fig. 98. A vertical 
condenser with a glass spiral inner tube sealed into a broad glass jacket 
(Fig. 99) is now frequently used in place of the older metal still, shown in the 
preceding figure. 

The apparatus with metal condenser (Fig. 98) consists of a flask about a litre 
in capacity, upon the neck of which is cemented a brass tube bearing a screw- 
thread on its outside. This fits into a screw, which is on the interior of a brass 


Fia. 99. 



Aloohol Still for Bebb or Wine. 


cap connected with the oondensing-tube. A rubber washer, which is Inserted 
between the top of the flask and the under surface of the cap, causes the connection 
of the flask with the condensing-tube to be perfectly air-tight when it is screwed up. 
In the centre of the figure is seen the metal oondensing-box, and to the left 
the flask for receiving the distillate. A cork, pierced with two holes, is fitted into 
the neck of this flask. Through one hole passes the tube conveying the distillate ; 
into the other is fitted a doubly bent tube, the lower bend of which is closed 
by a globule of mercury in order to prevent the loss of alcohol vapour by diffusion. 
The cold water-supply for condensing the spirit, and the overflow of heated water, 
are conveyed by tubes which are seen at the back of the condenser 
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The Process of Estimation. — ^Measure 250 c.c. of tho “ tossed ” liquid into 
the distillation-flask, and connect the flask with the condenser and receiver ; 
then heat the flask with the flame of an Argand burner, until it boils gently. 

When about two- thirds of the liquid have distilled over, transfer the 
distillate to a measuring-flask, make it up to tho original volume of the liquid 
with distilled water, and mix well. Then take the specific gravity of this 
liquid at 15 ‘ 5 ° C., either by direct weigliing, or by means of a delicate hydro- 
meter (33-38). 

The amount of proof-spirit or of absolute alcohol, which is present in 
the liquid, may then be ascertained by reference to the Alcohol Tables ( 985 * 
986) in which the specific gravity of water is taken as 1000. 

The residual liquid in the distillation-flask is allowed to cool ; it is then 
diluted to the original volume of 250 c.c., and its specific gravity is taken 
at 15*5° C. Tho number thus obtained is used in calculating the “original 
gravity ’’ of the beer. 

694. Estimation of tho “Original Gravity” of Beer.— As has 

been already explained, the “original gravity” of a beer is the gravity of 
the wort from which the beer has been prepared. 

During the process of fermentation of the wort, a portion of the sacchnrine 
matter is converted into alcohol with evolution of carbon dioxide. Conse- 
quently the beer has a lower specific gravity than the wort from which it has 
been brewed. 

In order to determine the original gravity of the wcA't, the alcohol is 
separated from the beer by distillation, and the specific gravity of the distillate 
is determined as is directed above (693). The gravity of the wort, which 
would be required to produce a liquid of this specific gravity, is then ascer. 
tained by reference to Table I. below, in which the degree of “ spirit indica- 
tion ” is the difference between 1000 and tho specific gravity of the alcoholic 
distillate, the specific gravity of water being taken as 1000, 

The number thus obtained is then added to the specific gravity of the 
liquid, which was produced by diluting the residue left in the distillation- 
flask ( 693 ) 260 c.c. The resulting number represents the original specific 

gravity of the wort. 

The acidity which has been produced during fermentation is estimated 
wid allowed for as follows j 

The acidity of the tossed oeer is ascertained by titrating 100 c.c., or more 
correctly 100 grams, of the beer with seminormal sodium hydrate solution, 
•^ing litmus-paper as an indicator. From this result the amount of acetic 
acid present is calculated, assuming that each c.c. of the seminormal sodium 
hydrate solution corresponiJs tp 0*03 gram of acetic acid ; O'l per cent. 



which representfi the average acidity of the unfermented wort, must be 
subtracted from the result thus obtained. 

Table L— Spirit Indicationt with corresponding Degrees of Gravity lost in 
Malt Worts by the “ Distillation Process.'' 


Degrees of 
Spirit 
Indlca^jpi. 


6-6 

7*0 

7-4 

7*8 

8*2 

8*6 

9*0 

9*4 

9*8 

10*2 

10-7 

IM 

11-5 

12*0 

12*4 

12*9 

13*3 

13*8 

14*2 

147 

16-1 

16-6 

16*0 

16*4 

16*8 

17*3 

17*7 

18*2 

18*6 

19*1 

19-6 

19*9 

20*4 

20*9 

21*3 

21*8 

22*2 

22*7 

23*1 

23-6 

241 

24-6 

260 

25*6 

26*0 

26*4 

26*9 

27*4 

27*8 

28-3 

28-8 

29-2 

29*7 

30*2 

30*7 

31*2 

31*7 

32*2 

32*7 

33-2 

33-7 

34-3 

34-8 

36*4 

36*9 

36*5 

37*0 

37*6 

38*0 

38 0 

391 1 

39-7 

40*2 

40*7 

41*2 

41*7 

42*2 

42*7 

43*2 

437 

442 

44-7 

45 i 

45*6 

40 0 

46*5 

47*0 

47*6 

48*0 

48-6 

400 

49'6 

60*1 

60*6 

51*2 

51*7 

62*2 

62*7 

63*3 

63-8 

64-3 

MO 

r >.^*4 

55*0 

56*4 

56*9 

67*4 

67*9 

68*4 

68-9 

59-4 

000 

60-5 

61*1 

61 6 

62*2 

62*7 

63*3 

63*8 

64*3 

64-8 

05-4 

65*9 1 

60*6 

67*1 

67*6 

68*2 

687 

69*3 

69-9 

70'6 

71-1 

71*7 1 

72*3 

72*9 

73-5 

74*1 

74*7 

75*3 

76-9 


Table II. — For Ascertaining the Value of the Acetic Acid, 


Excess po( Corresponding Degrees of ** Spirit Indication.” 

cent, of — 

Acetic Acid I I 

In the Beer. 0*00 0*01 0 02 0-03 0 04 0 06 0 06 0 07 0*08 0-09 


The following statement illustrator tho mothod of oaloulating the “ original 
gravity ” of a sample of beer i 
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Example.— If the spccifio gravity of water be taken aa 1000, the gravity of 
the distillate will be less than 1000 ; suppose it to bo 989‘33. This number is 
deducted from 1000 and furnishes the “ spirit indication,” which in this ease is 
10 '67. On referring to Table I. it will bo seen that the corresponding number 
is 47 ‘35. This represents the number of degrees of gravity which were lost in the 
production of the spirit during the fermentation of the wort. 

If the speOific gravity of the diluted residue from the distillation was 1023 42, 
and no acid was detected in the beer, the original gravity of the beer would be 
1023'42 + 47-36 - 1070-77. t 

Suppose however that the acidity was such that 100 grams of the beer required 
11 0 . 0 . of semi-normal NaHO for neutralisation; then the percentage of acid, 
calculated as acetic acid, would be 11 x 0-03 — 0-33. But the average percentage 
of acidity in unfermented wort amounts to O'l per cent., therefore only 0-23 of 
the acid will be due to oxidation of the alcohol. Referring to Table II,, it is seen 
that the spirit indication corresponding to 0*23 of acid is 0-31, therefore the total 
spirit indication will be 10-67 + O'Sl — 10*98. On referring to Table I. it will 
be seen that the gravity lost by the formation of alcohol in the boor corresponding 
to this number is 48-9. Hence the original gravity would be 1023*42 + 48*9 — 
1072*32. 

695. Estimation of Salt in Beer, — Sodium chloride is a normal 
constituent of beer and its average atnount is about 50 grains per gallon j 
it ia rarely added as an adulterant. Its amount may be found as follows : 

Evaporate 25 c.c. of the boor to dryness in a platinum dish with 0*1 gram 
of pure calcium hydroxide, and ignite the residue gently over an Argand 
burner (95) until a grey ash remains. Triturate this residue in the dish with 
a little boiling water and heat on the water-bath for half an hour. Then 
transfer the whole with the washings to a 100 c.c. flask, make up to 100 c.c., 
shake well and allow the liquid to clear by settling. 

Add a few drops of phenol-phthalein solution to 50 o.c. of the clear liquid 
and neutralise it with decinormal nitric acid, leaving only a faint pink colour 
in the liquid. Now add a few drops of potassium chromate solution and 
estimate the chloride by titration with standard silver nitrate solution (373)* 
The weight of salt is stated as grains per gallon, that is as parts per 70 , 000 . 


Analysis of Sugar. 

In the chemical examination of sugar, the estimations usually made 
ere those of moisture, ash, cane-sugar, and invert-sugar or glucose. Moist 
brown sugar will be found the most suitable kind of sugar to use for prac- 
tice in the methods of analysis. 

596 . Estimation of Moisture. — Weigh out accurately about 4 grams 
oi the sugar in the watch-glasses with clip and heat this in the steam-oven 
Ontil its weight becomes constant. 


23 
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697* Estimation of Ash — Transfer the dried sugar ( 696 ), little by 
little, to a platinum crucible ; and incinerate each part, as it is added, at aa 
low a temperature as possible. The mass will fuse and swell as the heating 
proceeds, and care must be taken that it is not allowed to pass over the edge 
of the crucible. 

When the charred mass has assumed the appearance of coke, gently stir 
it from time to time with a thick platinum wire or spatula, or with a thin glass 
rod, so as to assist the combustion of the carbon ; adding finely powdered 
ammonium nitrate, if necessary, in order to facilitate the process. As soon 
as the ash is free from black particles, allow the crucible to cool, and weigh 
the ash. 


698 . Estimation of the Sugar.— The process which is de.scribcfl 
below depends upon a chemical reaction. It should be stated, however, 
that the most accurate estimation of sugar is made by means of the polari- 
scope. 

Before the cane-sugar, is estimated chemically, it is usually 

converted into glucose, CgHiaOe, by digesting it with a dilute acid j 
CijH^Oa + H,0 = 2CeHi,0.. 

The glucose is then estimated by heating it with an alkaline solution of 
copper, known as Fehling solution. The blue colour of this solution disappears 
during the reaction, while red cuprous oxide is precipitated. The process 
is sometimes made a volumetric one, by adding the sugar solution in quantity 
just sufficient to remove the blue colour and to completely precipitate Iho 
copper from the Fehling solution ( 70 O). Another method consists in causing 
the sugar to act upon an excess of Fehling solution, and then either weighing 
the CujO as such, or after oxidation to CuO or reduction to Cu ( 702 ). 

Allowance must bo made, in calculating the result, for the increase in 
weight which the cane-sugar -has undergone by its hydrolysis, which involves 
combination with the elements of water. 

In practic^dke glucose which was originally present in the. sugar is first 
estimated. The total amount of glucose, including that derived from the 
conversion of cane-sugar and that which was originally present in the .sugar, 
is then determined. The difference between these two estimations gives the 
amount of glucose which has been derived from the conversion of the cane- 
sugar. 

PrecantionB. — It should be noted that solutions containing about 0’25 per 
cent, of glucose give the most consistent and accurate results in this process of 
estimation. If the preliminary analyses show that the solution is much weaker 
or much stronger than this, the amount of sugar in solution should be altered 
accordingly. 

Estimations of sugar by the Fehling solution only yield constant resuU®- 0 ^ 
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become comparable with one another, when the process is carried out undei 
preebely similar conditions ; hence it is necessary that the Folding solution should 
bo standardised under exactly the same conditions as those under which the estima- 
tions are made. It must also be remembered that the reducing powers of various 
kinds of sugar are different even if the conditions of estimation remain the 
same. Thus, taking the reducing value of dextrose as 100, the value of the 
reducing power as determined by experiment of levuloso and invert sugar are 
respectively. 

Dextrose 100*0 

Levulose 03*5 

Invert sugar ........ 96*8 

the above numbers being based on the usual amount of each sugar, from 0*16 to 0*2 
gram, being employed for the determination. 

It is evident therefore that in accurate analyses the values of the Fohling 
solution must be adjusted to agree with the above results. 

Air should be excluded throughout the process else some cuprous oxide may 
be redissolvod. 

699 . Preparation of the Fehling Solution.— -Weigh out 60-28 grams 
of pure recrystallised copper sulphate and dissolve this in water, adding 
a few drops of HaS 04 if the solution is not perfectly clear. Add to this 
a solution containing 350 grams of Rochelle salt and 100 grams of sodium 
hydrate, and make the mixed solutions up to a litre. Use 25 c.o. of this 
Fehling solution for each estimation. 

The Fehling solution, as thus prepared, gradually undergoes chemical 
change and alters in strength when it Is kept. This change may be obviated 
by dissolving the copper sulphate in a litre of water, and dissolving the Rochelle 
salt and the sodium hydrate in another litre of water. These liquids are kept 
in separate bottles, and 25 0 . 0 . of each of the solutions are mixed together 
immediately before they are used. 

As a rule 26 c.c. of the original Fehling solution, or 60 c.o. of the mixed 
solutions, correspond to 0*25 gram of dextrose; but it is always necessary 
to standardise the solution in order to ascertain its exact s^|||p- value, unless 
one of the gravimetric methods described in paragraph 702 is used. 

700 . Standardisation of the Fehling Solution. — In order to standardise 
tbe solution, weigh out 6 grams of pure crystallised cane-sugar. Place 

in a flask with about 100 c.o. of water and 10 0 . 0 . of strong hydro- 
chlorio acid, and heat to 70® C. for ten minutes in order to convert the cane- 
®ugar into glucose. Then neutralise the cold liquid with sodium hydrate 
solution, and make it up to 600 c.o. with distilled water. 

Now fill a burette to the zero mark with this sugar solution, and measure 
^ c.o. of the Fehling solution into a 500 0 . 0 . conical flask ; or, if the copper 
wd caustio soda solutions are kept in separate bottles, mix together 25 0 . 0 , 
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of each of them in the flask. Make up the Fehling solution to 200 c.c. willi 
water, heat it to boiling, and add the sugar solution from the burette in 
portions of about 6 c.c., heating the liquid by immersing the flask in boilin” 
water for two minutes after the addition of each portion of the sugar solution. 
As soon as the deep blue colour of the copper solution begins to fade, add the 
sugar solution cautiously while still heating the liquid, and place the fla.sk 
upon a white surface in order to judge the colour. 

As the final disappearance of the blue colour approaches, the red precipi- 
tate of CUjO somewhat obscures the colour of the copper solution. If, how- 
ever, a few seconds are allowed for the subsidence of the precipitate, and the 
flask is slightly tilted, the colour of the solution will be readily seen. 

The exact point of complete precipitation of the copper is readily ascer- 
tained, even if the liquid is coloured by the precipitate, by placing two drop.s 
of it upon a white tile by means of a glass rod, and adding to one of them a drop 
of potassium ferrocyanide solution which has been mixed with about thirty 
times its volume of acetic acid diluted with six times its volume of water. 
If any copper is still present in the solution, the colour of the drop will become 
more brown. The cautious addition of the sugar solution, followed by boiling, 
must bo continued until this coloration is not produced by the forrocyanido, 
and the two drops remain of the same tint. 

Now ascertain the strength of the Fehling solution with greater accuracy 
by repeating the titration, and adding nearly the whole of the requisite 
quantity of the sugar solution at once within about half a c.c. Heat the 
liquid in boiling water for two minutes, and finally add the sugar solution 
very cautiously to this, heating again after each addition. Two such titra- 
tions should not differ by more than one-fifth of a c.c. It is necessary to 
carry out this final titration rapidly, in order to minimise the oxidation whicli 
occurs by contact with the air ; and it is always preferable, if great accuracy 
is required, to arrange for a final titration, in which practically the whole of 
the sugar solution is added at once. 

The 8treim||l of the solution is stated in terms of glucose. 

The whole operation may be conducted while the liquid is kept boiling in » 
flask closed by a doubly perforated cork, the delivory-jet of the burette passing 
through one perforation of the cork, and a tube with a Bunsen valve (Fig- 
page 165) in the other perforation permitting the escape of the steam. Oxidation 
is thus easily and entirely prevented. 

. 701. Estimation of the “Invert Sugar,” or Glucose, originally 
present in the Sugar. — Dissolve 10 grams of the sugar in water, 
make the solution up to 200 c.c., and fill a burette to zero with this solution. 
Then measure out either 25 o.o. of the Fehling solution, or 25 c.c. of each of 
the esparate solutions ( 699 ) into a flask, dilute to 200 c.c., and proceed 
to add the sugar solution to the Fehling solution (700). 
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If tho amount of glucose present Ls very small, only 5 o.c. of Fehling 
solution, or 10 c.c. of the mixed solutions, should be used, the precautions 
on page 354 being duly observed. 

The percentage weight of glucose present in the sugar ean be readily 
calculated from the result thus obtained, since the glucose-value of the 
Fehling solution is known. 

702. Gravimetric Methods. — Instead of titrating the sugar, its amount may be 
estimatcal by adding the Fehling solution in exce.s3 to a portion of the sugar solution 
cont aining not more than 0 25 gram of glucose, and then heating the liquid in boiling 
water for ten ininute.s and filtering. The cuprous oxide is then weighed as such 

( I ), or it is reduced to metallic copper by luxating it in a stream of dry hydrogen 
and the copper is weighed (2), or the cupro\is oxide is oxidised and weighed as cuprio 
oxide (3). Tho process of weighing as cuprous oxide is the most rapid one of those 
three. 

Tho analyst should first determine the rcdatlon between the weight of sugar 
and the weiglit of cuprous oxido'which it can precipitate. This will involve making 
preliminary experiments on the proce,ss with a known w'cdght of pure cane-sugar 
which has been inverted. The generally accepted factons for dextrose, levulo.se, 
or galactose are 0'5045 for CujO ; 0’4535 for (/uO ; and 0’5034 for Cu. The 
result of tlio determination when multiplied by the appropriate factor should give 
tlie corresponding weight of glucose, hut the.se factors vary somewhat with 
dilTcrences in manipulation and are therefore best determined by each analyst. 

In carrying out this gravimetric method, 30 c.c. of the copper solution are 
mixed with 30 e.c. of the tartrate solution (699) and with 60 c.c. of water in a beaker, 
and iliis lifpiid is heated hy irnmersin-g tlic beaker in boiling water. Twenty-five c.e, 
of the sugar solution, which must not contain more than 0 25 gram of gluco.se, 
are then heated to boiling and added to the liipiid in the beaker, and the beaker 
is heated in the boiling water for ten minutes longer. The liquid is then quickly 
filtered through a weighed asbesto.s filter {Nok), u.siug the filter-puinp (80), the 
cuprous oxide is well washed on the filter with boiling water, and is either weighed 
as such (1), or after reduction (2) or oxidation (3). 

(1) If the cuprous oxide is to be weighed as such, it is washed at once with 
alcohol, then with ether, and is finally drieil in the steam-oven and weighed in the 
filter-tube. 

(2) If the cuprous oxide is to bo reduced, t is treated as ||pve (1) but is 
finally heated in the filtcr-t,ube in a stream of dry hydrogen or of coal-gas, and tho 
residual copper is allowed to cool in a stream of the gas and is weighed in the tube. 

(3) If the cuprous oxide is to bo oxidised, it is heated in the filter-tube in a 
stream of air or of oxygen before it is weighed. 

Note.—The asbestos filter is prepared in a hard glass tube (Fig. 89, p. 259) by 
passing down to the bottom of the broader part a tightly fitting disc of fine platinum 
gauze, or a disc of platinum foil which has been perforated by a pin or needle all 
over its surface. Some asbestos is broken up into a creamy mass in water, and is 
poured into the tube after it has been connected with tho filter-pump. A felted 
layer of asbestos, about 0'6 o.m. thick, is thus formed on the platinum. Tho 
osbestos-fihn b treated successively with dilute acid and with caustic alkali 
solution. It b then well washed with hot water, with a little alcohol, and 
finally with a little ether; the tube and filter are then dried in the steam -oven 
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and weighed. An ordinary fdtor-paper always retains some copper derived from 
the solution. 

703 . Estimation of the Cane-sugar.— Weigh out 1 gram of the 
cane-sugar accurately, and dissolve it in water in a flask. Dilute the solution 
to about 100 c.c. with distilled water, and add 2 0 . 0 . of strong hydrochloric 
acid. Then heat the liquid to 70° C. for ten minutes, neutralise it, filter if 
necessary, make it up to 200 c.c., and estimate the glucose by means of the 
Fehling solution, as is described above ( 70 O, 701)* 

By subtracling the percentage of glucose already found ( 7 OI) from the 
percentage calculated from the present estimation, the f>ercentage of glucose 
derived from the cane-sugar is obtained. 

From this the percentage weight of cane-sugar can be calculated. For 
since the relative weights of cane-sugar, and of the glucose vsluch it furtiishcs 
by inversion, are as ti 12 : .360, it follows that, if the weight of the glucose found 
342 

is multiplied by or by 0 ' 95 , the weight of the cane-sugar from which llie 
glucose has been derived will be obtained. 

An Alternative Method is to add a measured volume of the inverted solution 
containing less than 0 25 gram of sugar to the Fehling solution, and to weigh tlie 
precipitated cuprous oxiJo as is described in paragraph 702 . 


Example. — In a volumetric estimation of the amount of glucose and cane 
sugar in a sample of moist sugar, the following results wore obtained : 

For the estimation of the original Invert Sugar 10 grams of the sugar wcie 
dissolved in water, and the solution was mode up to 200 c.o. 

Twenty-five c.c. of Fehling solution, equal to 0 25 gram of glucose, required 
60 c.o. of the sugar solution. 


Hence the percentage of the invert sugar 


200 X 100 X 0-25 

ioVeo 


8'33. 


For the estimation of the Total Sugar, the solution of 2 grains of the sugar was 
inverted, then neutralised and made up to 200 0 . 0 . 

Twenty-five c.o. of Fehling eoluticu required 27‘6 c.c. of this sugar solution. 

200 X 100 X 0-25 

Therefore the total percentage of sugar, as glucose, = 2 ' x 27 ~ 5 ~~^^ 

90-91. 

Hence the percentage of glucose equivalent to the cane-sugar = 90-91 - 8-33 =* 
82-58 ; and the percentage of cane-sugar 82’5iSriC 0*96 ■■ 78*45. 


Partial Analysis of Tea. 

The value of tea depends upon its natural quality, and upon 
freedom from adulteration. The following estimations should be made io 
order to enable a judgment to be formed on these points 1 
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704 . Estimation of Water. — Weigh out accurately about 3 grams 
of the powdered tea in the watch-glasses with clip, and heat this in the steam- 
oven until its weight is constant. 

705. Estimation of Ash.— Incinerate the dried tea ( 704 ), little by 
little, in a weighed platinum capsule or crucible (Fig. 67, page 67) at as low 
a temperature as possible, and weigh the ash. The total amount of ash thus 
obtained should not exceed 0 per cent. 

Now add water to the ash and boil ; then filter, and wash, dry, ignite 
and weigh the residue. 

From these two determinations, the relation between the soluble and the 
insoluble matter in the ash may be calculated. This relation furnishes a 
valuable indication of the adulteration of tea with spent tea-leaves, since 
fresh tea-leaves contain a largo proportion of soluble mineral matter, and 
this is dissolved out of the leaf during the " mashing.” The ash of fresh tea- 
leaf always contains more than 60 per cent, of soluble matter, 

706 . Estimation of Tannin.— Extract about 10 grams of the tea by 
boiling it repeatedly with fresh portions of water. Make up the clear extract 
to a litre, and estimate the tannin which it contains as is described under 
the assay of sumach (7I3)» The amount of tannin usually varies from 12 per 
cent, in black tea to 18 per cent, in green tea, but higher proportions occur 
in tea from certain sources, 

707 - Estimation of Theine. — The value of tea depends largely upon 
the amount of theine which it contains. Froceed to estimate the theine as 
follows: 

Extract 6 grams of the tea with successive small portions of boiling water, 
allowing ten minute sfor each ** mashing,” and mix these extracts. A Soxhlet 
extractor ( 67 I) may be used for the extraction. Dilute the liquid with water 
to 600 C.O., heat, add about 4 grams of powdered lead acetate, and boil the 
liquid with a reflux-condenser for ten minutes. Filter off 600 c.o. through a 
dry filter, evaporate to about 60 o.c., add a little sodium phosphate solution, 
and filter. Transfer the filtered liquid to a small flask, add chloroform, 
connect the flask with a reflux-condenser, and extract for two hours. 

Then separate the ohloi|||||[lrm solution, pour it through a dry filter into 
a tared flask, and wash the residue with a little fresh chloroform. Distil off 
the chloroform, dry the residue at 100® to 100® C., and weigh the resulting 
theine. The amount of theine may vary from 1 to 3 per cent, according to 
the variety of the tea. 
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Valuation of Tanning Matbbials. 

708 . The exact estimation of tannin in natural tanning materials is 
C( implicated by the fact that tliore is often present in the same substance a 
mixture of different tannins. These are also always accompanied by other 
bodies which affect the accuracy of the determination. Probably no process 
of estimation gives results of scientific accuracy, but two methods which are 
employed for technical purposes are described below. The first is a gravi- 
metric method, the second volumetric. 

One of those methods ( 7 II) depends upon causing the tannin, which is 
contained in the water-extract of a known weight of the tanning material, 
to combine with hide-powder which has undergone a preliminary treatment 
of “ chroming.” The loss of weighty which the dissolved material suffers, 
gives the weight of the tannin. It is necassary for this purpose to evaporate 
a portion of the extract or infusion of the tanning substance and ascertain 
the total amount of matter in solution : then to remove by hide-powder 
the tannin from another portion of the extract and again determine the 
matter in solution : the loss of weight caused by the removal of tannin is 
thus found and the amount of the tannin is estimated. 

Thus four samples of oak-w'ood furnished the following results ; 


Percentage of 

A 

B 

0 

D 

Total soluble matter 

41-3 

35-0 

37-8 

381 

Soluble non-tanning matter 

141 

4-7 

140 

4-8 

Soluble tanning matter 

27-2 

30-3 

23-8 

33-3 


This method is the more suitable one for the tanner, since it directly 
estimates the amount of tannin which is concerned in tanning a skin. It ia 
generally adopted for the valuation of tanning materials. 

The other method { 712 ), proposed by Ldwenthal, estimates the tannin by 
its deoxidising effect upon standard potassium permanganate solution under 
suitable conditions. It is now mainly employed for the control of tannery 
liquors. 

709. The Procter Extractor, which is used for extracting solid tanning 
materials with water, is shown in Fig. 100. The beaker (B) is used as the 
extracting-vessel. A common thistle-funnel (C), with its stem bent twice 
at right angles, servos as a siphon to draw off the extract ; the mouth of the 
funnel has muslin tied over it and is placed on the bottom of the beaker, 
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and the funnel is hold in position by a clamp. A 1*6 cm. layer of sand, 
which has been purified by treatment with hydrochloric acid, is then poured 
upon the bottom of the beaker so as to cover the mouth of the funnel, and 


the prepared and dried tanning material is mixed with 
the water in which it is to be digested and is poured 
upon the sand. 

After the digestion with water has continued for 
some hours, either at the ordinary tem})erature, or at 
a higher temperature which is secured by immersing 
the beaker in the water-bath, the extract is siphoned 
over. 

This is accomplished by attaching to the shorter 
arm of the funnel a narrow glass tube about 15 cm. 
long, connecting it by means of a short®|^>ioco of narrow 
rubber tube provided with a pinch clamp (A). The 
tube is filled by suction, and the clear extract is allowed 
to drop into a flask as it is siphoned over. The ex- 
traction of the tanning material is finished by pouring 
successive quantities of fresh water into the beaker 



and siphoning them over. The process may bo con- 
sidered to be completed when the water is no longer 
coloured. 


710. General Directions for the Preparation ^ExtractoI^ 
of the Extract or Solution. — The tanning material 
is either supplied in its natural state ; or the solullo matter which has been 
already extracted by water is gupplied as a liquid extract, or as a “ solid 
extract,” which is the solid residue remaining after the water-extract has 
been evaporated. 


The infusion of the tanning material, which is to be used for the hide- 
powder process, must contain as nearly as possible 4 grams of tanning matter 
per litre, and not less than 3 '6 or more than 4 ‘5 grams. The weights of 
difleront tanning materials to bo extracted by a litre of water, or diluted to a 
litre, in order to obtain an infusion of suitable strength, are tabulated below: 


Barks, &c. 


Grams. 

Algarobilla 5_9 

Canaigre .... 16-18 

Bivi-divi .... 9 

Hemlock-bark . , , . 32-36 

Himosa-bark . , . n 

Hyrobalana . ,16 

Oak.bark 30_35 


Extracts. 

Grama, 

Oak-wood, sp. gr. 12 or over 16 
Chestnut (liquid) . . 14 

• Chestnut (solid) . , 7 

Quebracho (solid) , , 6 

Quebracho (liquid) . , 9-13 

Mimosa D. . . . 10-12 

Gambier (block) . . 12-14 , 
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Balks, &o. 


Grams. 

Extracts. 

Grams. 

Oak-wood . , 


60-100 

Gambler (cube) , 

. 7 

Quebracho-wood- . 


20-22 

Mangrove (liquid) • 

. 9 

Sumach , 


15-16 

Mangrove (solid) , 

. 7 

Pistacia lentiscua 


20-22 

Cutch . . , 

. 7 

Pine-bark 


32 

Myrobalans (liquid) . 

. 10 

Willow-bark 


36 

Hemlock . , . 

. 10 14 

Cliestnut-wood . , 


46 

Pine- bark • • 

. 10 

Mangrove- bark , 


10 



Valonia . . , 


14-16 



Valonia-bearJ . , 


10-11 



Spent tans 


60-100 




A Natural Solid Tanning Material must first be well sampled ( 55 ) 
and then suitably broken up and ground until it will pass through a wire sieve 
of T) strands per centimetre. The soluble matter is then removed from a suitable 
weight (see Table above) in a Procter extractor (Fig. 100, page 361) by treat- 
ment with .500 c.c. of water at a temperature not exceeding 60° C., and the 
extraction is continued with boiling water until the filtrate amounts to a litre. 
The best temperature for extraction differs materially with different samples. 
When this temperature is not known, it is generally best to begin at about 
35° C. and then to raise the temperature to 100° as the operation proceeds. 
It is desirable to allow the material to soak for some hours before the percola- 
tion commences, and the percolation should occupy not less than three hours 
in order to extract the maximum amount of tannin. Any soluble matter 
remaining in the material is neglected, or is reported separately as “ difficultly 
soluble ” matter. The volume of cold liquid in the flask is made up 
accurately to a litre. 

A Liquid Extract is weighed in a basin or beaker and is washed with 
boiling distilled water into a litre flask ; the liquid is then filled up to the mark 
with boiling water, is well mixed, and is then rapidly cooled to a temperature 
of 17 ’5° C. ; after which it is accurately made up to the mark, again well 
mixed, and then filtered if necessary as is directed below. Sumach and 
myrobalans extracts should be dissolved at a lower temperature, 

A Solid Extract is dissolved by stirring it in a beaker with succes- 
sive quantities of boiling water, the dissolved portions being poured into 
- a litre flask and the undissolved matter being allowed to settle and being 
then treated with further portions of boiling water. After the whole of the 
soluble matter is dissolved the solution is treated similarly to that of a liquid 
extract. 

Filtration. — Solutions of tanning materials, whether they are made 
from the original substance or from extracts, frequently become turbid on 
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cooling even if they were clear while hot, and they will then require careful 
filtration. This is usually effected by passing the liquid through a special 
Berkefeld candle arranged in connection with a vacuum-pump. After the 
vacuum has been formed in the flask, the connection between it and the 
pump must be closed in order to avoid loss of liquid by evaporation. At least 
200 to 300 c.c. of the first part of the filtrate should be rejected, and more 
if necessary, in order to obtain an absolutely clear and brilliant filtrate. 

The infusion must be filtered repeatedly if necessary until it is optically 
clear ; it must not be merely transparent, but must show no opalescence 
when the vessel is placed on black paper in a good light. 

Part of the filtered infusion is reserved for evaporation [Note) and another 
part is subjected to treatment with the chromed hide-powder. 

Note . — If it is desired to estimate the total solids and indirectly the moisture in an 
extract, and the solution obtained is of uniform turbidity, it is frequently convenient 
to draw off 60 c.c. of the well-mixed and unfiltered solution with a pipette, 
place it in a basin, and then determine the total solids by evaporation and drying. 

Correction for Absorption of Tannin-mutter by the Filter is not needed for the v- 
Berkefeld candle, or for the Schleicher and Schull No. 690 filter-paper, if from 250 
to 300 c.c. are rejected before the portion is collected for the evaporation. But 
if other methods of filtration are employed the average correction necessary is 
determined in the following manner : 

About 500 c.c. of the same or a similar tanning solution are filtered until they ' 
are perfectly clear, and 60 c.o. of the well-mixed filtrate are evaporated to deter- 
mine “ total soluble No. 1.’* A further portion ij now filtered, the time of contact 
with the filter and the volume at finst rejected being the same as in an actuae 
filtration, and 60 c.c. are evaporated to determine “ total soluble No. 2.” The 
difference between Nos. 1 and 2 is the correction sought, and this must be added 
to the weight of soluble matter found in an estimation. 

An alternative method for determining the correction, which is as accurate 
and often more convenient, consists in filtering a portion of the tanning solution 
through the Berkefeld candle until it is optically clear, which can generally be 
accomplished by rejecting from 200 to 400 co. and returning the remaining filtrate 
repeatedly. 60 c.o. of this filtrate and 60 o.o. of the clear filtrate obtained by the 
method for which correction is required are then separately evaporated : the differ- 
ence between the weights of the two dried residues will be the correction sought. 

An average correction should be obtained from at least five determinations. 

It will be found that this is approximately constant for all materials, and amounts 
to about 6 milligrams per 60 c.o. in the case of Schleicher and Schiill’s No. 606 
filter-paper when the first 160 o.o. of the filtrate have been rejected, and to 7’6 
milligrams when 2 grams of kaolin are employed in addition for clarification. 

The kaolin should have been previously washed with 76 o.o. of the same liquor, 
which has been allowed to stand for fifteen minutes and has then been poured off. 

Preparation of the Hide-powder by “ Cliroming.”--The hide- 
powder should be of woolly texture, and should bo thoroughly delimed by 
treatment with hydroohlorio acid. After this treatment not more than 6 
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o.c. or less than 2-5 c.o. of docinornial solution of NaOH or KOH should be 
required to produce a permanent pink colour with phenol-phthalein when 
6-5 grams of the dry powder are suspended in water. If the remaining 
icidity docs not fall within these limits, it must be reduced before “ chroming ” 
oy soaking the powder for twenty minutes in from ten to twelve times its 
weight of water, to which the requisite calculated quantity of standard 
alkali has been added. 

The hide-powder must not swell during the “ chroming” process to such 
an extent as to render ditlicult the necessary squeezing in a press which is 
described below, and it must be sufficiently free from soluble organic matter 
to render it i)Ossible to reduce the total soluble matter by ordinary washing 
with distilled water below 5 milligrams per 100 c.c. in a blank experiment. 

The moisture in the air-dried powder is determined if necessary, and the 
weight of powder corresponding to 6‘5 gratus of the dry hide-powder is then 
calculated : this will remain practically constant if the powder is kept in an 
air-tight vessel. Any multiple of this quantity is taken according to the 
number of analyses to be made, and is w'etted with approximately ton times 
its weight of distilled water. Two grams per hundred of dry powdered 
crystallised chromic chloride (Cr.Cl 3 . 6 H 2 O) are now dissolved in water, and 
are made basic by the gradual addition of 1 1 * 25 c.c. of normal sodium carbonate 
solution containing O'C gram of NajCOg: this makes the compound 
correspond to the formula Cr 2 Cl 3 (OH) 3 . The solution is now added-'to 
the powder and the whole is mixed by churning it slowly for an hour. 

In laboratories where analyses are continually being made, it is more con- 
venient to keep a 10 per cent, stock-solution of the chroming liquid. 'This is made 
by dissolving 100 grams of CrCIg.GtfjO in a little distilled water in a litre flask, 
adding very slowly a solution containing 30 grams of anhydrotis sodium carbonate 
with constant stirring, and finally making up to the mark with distilled water and 
mixing well. 20 c.c. of this solution should bo used per 100 grams, or 13 c.c. 
per G‘5 grams of the dry powder. 

At the end of an hour the powder is squeezed in linen to free it as far as 
possible from the residual liquor, and it is then washed repeatedly with distilled 
water and squeezed, until the addition to 60 0 . 0 . of the last filtrate of a- 
diop of 10 per cent. KjCrOg solution and two drops of dccinormal AgNOg 
solution produces a brick-red coloration. Four or five squeezings are 
, usually sufficient, but more may be necessary. Such a filtrate cannot 
contain more than O'OOl gram of NaCl in 100 c.c. The powder is then 
squeezed in a press until it contains from 70 to 75 per cent, of water, and 
the whole is weighed. . 

71 1- The Process of Estimation.— The detanniaation of part of the 
tannin extract is effected bv weighing out a quantity (Q) of the chromed 
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powder which contains 6*5 grams of the dry powder ; this is added 
immediately [Note) to 100 c.c. of the unfilterod tannin infusion, together 
with 26’5 - Q grams of distilled water, and 1 gram of kaolin freed from soluble 
matter. The whole is agitated for fifteen minutes in a corked bottle, which 
is caused to rotate not less than 60 revolutions per minute, and the contents 
are then squeezed immediately through linen, stirred, and filtered through a 
folded filter of sufficient size to hold the entire filtrate : the filtrate is returned 
to the filter until it is clear, and 60 c.c. are then evaporated and reckoned as 
60 C.C., and the weight of the dried residue is ascertained. Another 50 c,c. 
of the original extract is then similarly evaporated and the weight of the 
dried residue is ascertained. 

These evaporations are rapidly carried to dryness at steam-temperature 
in flat-bottomed porcelain, Jena glass, or platinum basins of not less than 
6-6 cm. diameter ; and the residue is subsequently dried at from 98° to 100° 
in vacuo, or in a water- or steam-oven with small compartments, until it is 
of constant weight ; it is subsequently cooled in a small air-tight desiccator 
over dry calcium chloride for at least twenty minutes. Not more than two 
basins are placed in one desiccator, and the basins must not be wiped after 
removal from the desiccator. The basins must be weighed rapidly to avoid 
absorption of moisture. As has been already stated ( 708 ) the difference 
in weight between these two residues is the weight of tanning matter present 
in the volume of extract taken, and from this the percentage weight of tanning 
matter in the sample can bo calculated. 

The Analysis of Used Liquors and of Spent Tans should be made by tbo same 
methods as are employed for fresh tanning materials, the liquors or infusions bemg 
either diluted, or concentrated by boiling in vacuo or in a vessel so closed as to 
restrict access of air, until the amount of “ tanning matter ” is if possible between 3 5 
and 4'5 grams per litre, but in no cose must the amount of “ total solids ” present 
exceed 10 grams per litre. The weight of hide-powder to be used is 6*5 grama. 

Note . — The moist hide-powder should not be kept for more than a few hours 
before it is used, without special precautions. The non-tannin filtrate must give 
no turbidity when it is mixed with a drop of solution containing 1 per c 6 nt. of 
gelatin and 10 per cent, of salt. 

712. The Ldwenthal or Permanganate Method,— This method can 
only be used for the estimation of the relative tanning-value of different 
specimens of the same tanning material ; it is useless for comparing the 
relative tanning-values of different kinds of tanning materials. 

The principles upon which the method depends, are the following i 

Solution of potassium permanganate is readily reduced by solution of 
tannin, and the relative reducing powers of the different varieties of tannin 
have been determined. Accordihgly if the tannin could be extracted from 
the various tanning materials, unaccompanied by other oxidisable matter, 
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its amount could be readily estimated by titrating the extract with standard 
permanganate solution. 

But an extract of a tanning materia] invariably contains other substances, 
besides tannin, which reduce permanganate. Hence it becomes necessary 
to titrate a portion of the extract with permanganate, and then to titrate 
in a similar way a second portion of the extract from which the tannin hna 
been removed. The difference between the volumes of permanganate solution 
which are required in the two titrations represents the volume of the perman- 
ganate solution which has been required for the oxidation of the tannin. 

In order to limit and make definite the oxidising action of the perman- 
ganate on the oxidisable matter, a known volume of indigo- carmine solution 
is added, and the permanganate solution is added to the extract until the 
blue colour of the liquid changes to a clear yellow. 

The following solutions and other chemicals are required for the Lowenthal 
process : 

(a) Standard Potassium Permanganate Solution.— Half a gram of pure 
permanganate crystals is dissolved in water and the solution is made up to 
a litre ; but if many titrations have to be made, it is bettor to dilute 100 c.c. 
of a solution containing 6 grams per litre when it is required, since weak 
permanganate solutions undergo change when they are kept. 

The actual tannin-valueof the permanganate solution is then dcterniincd, 
if necessary, by titrating with it a solution of pure tannin, under exactly 
the same conditions as those under vdiich the extract of the tanning material 
is to be subsequently titrated (7I3)- 

For this purpose the amount of moisture present in 1 gram of pure tannin 
is estimated by drying it at 100” C. ; two grams of the undried tannin are then 
dissolved in water and the solution is made up to a litre, and this solution is 
used for the titration with the permanganate. 

Assuming that the sample of tannin contains 86'8 per cent, of dry tannin, tlie 
2 grams of tannin will contain 2 x 0’868 X 1*05 r8228 grams of pure dry 

tannin, and this weight of tannin is contained in a litre of the solution. 

The result obtained by the titration is multiplied by the factor 1‘05 in order 
to make allowance for oxidisable impurities in the tannin, and the tannin- value 
of each o.o. of the permanganate solution is then calculated. 

This process evidently only fixes the tannin-value of the permanganate 
when it is used for estimating the same kind of tannin as that which was 
employed for standardising the solution, but a method for extending the 
method of titration to other forms of tannin is described in paragraph 714 * 

It is however more simple to use a solution of 0*1 gram of pure crystallised 
gallic acid in 100 0 . 0 . of water as a standard, and to calculate by the factor in 
the Table on page 370 the kind of tannin which is required. Thus 1 gram of 
pure gallic acid is equivalent to 1*34 gram of pure gallotannio acid. 
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Solution of Pure Indigo -car mine.— This is prepared by dissolving 
6 grams of pure dry sodium or potassium sulphindigotate (Carminum ca?rul. 
opt.) in distilled water, 60 grams of pure sulphuric acid are added, the solu- 
tion is diluted to a litre, and is then filtered if necessary. 

(c) Solution of Gelatin is made by allowing 2 grams of the purest gelatin 
in thin sheets to soak in cold distilled water for a few minutes, rejecting the 
washing-water, and finally dissolving the gelatin by heating it upon the water- 
bath after adding enough water to make up to about 100 c.c. This solution 
should be made shortly before it is required for us'e, since it is liable to 
undergo change. 

(d) KaoliUf purified by washing and levigation. 

(e) Sodium Chloride Solution. — Good table-salt in saturated solution 
containing 60 o.o. of concentrated sulphuric acid per litre. 

713. The Process of Estimation.— The estimation of the value of a 
sample of sumach is made as follows : 

An extract of from 15 to 16 grams of the sumach is prepared according to 
the directions already given (71O). 

Five c.c. of the filtrate, or loss if necessary, are measured into a beaker 
about a litre in capacity, together with 25 c.c. of the indigo solution (b), and 
750 c.c. of distilled water or of good tap-water. The amount of the indigo 
solution added should require, when it is titrated alone, from 25 to 30 c.c, 
of the permanganate solution in order to change its colour to pure yellow. 

The permanganate solution (a) is now dropped from a burette, furnished 
with a glass stop-cook, into the mixture in the beaker until the blue colour 
of the solution begins to change to green. The addition must be made at 
a constant rate, and the liquids must be well mixed by vigorous stirring 
during the whole titration. 

As soon as a green tint appears, the permanganate is dropped in much 
more slowly until the solution assumes a dirty greenish yellow colour. It is 
best at this stage to allow the liquid to stand for a moment or two, and then 
to drop in the permanganate, one or two drops at a time, and to stir 
vigorousfy after each addition. This procedure is continued until the liquid 
In the beaker assumes a clear yellow colour. 

This titration should then be repeated, and the two results thus obtained 
should not differ by more than 0*1 0 . 0 . The correspondence of the results is 
made more certain if the liquid from the first titration is kept, and care is taken 
that the tint finally obtained in subsequent titrations exactly matches it ; 
this insures all titrations being carried to the same stage. A constant error 
way still be introduced, but this will not affect the final result. 
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The titration can be made by artificial light diffused by passage through 
ground glass or tissue-paper ; but as the end-point is slightly different with 
different lighting, the whole of an .analysis must be made under the same 
conditions of illumination. 

The result of this titration corresponds to the total amount of oxidisable 
matter, both tannin and non-tannin, which is present in the sumach. 

It is now necessary to remove the tannin from a portion of the solution, 
in order to determine the non-tannin matter separately and the tannin by 
difference. For many purposes the use of hide-powder, as is described under 
Ddannisation in paragraph 71I* in^'-y b© adopted to remove the tannin ; 
but this may also be effected by means of gelatin as is described in the follow- 
ing paragraphs. See also General Remarks on page 369 . 

60 0,0. of the original filtered solution of the sumach are introduced into 
a 100 0.0. stoppered measuring-cylinder, 25 0.0. of the gelatin solution (c) 
and 25 o.c. of the acidified salt solution (e) are added, and the mixture is 
shaken to insure perfect mixture ; a teaspoonful of kaolin (d) is then added 
to facilitate the filtration, and the liquid is filtered. 

10 c.c. of the filtrate, corresponding to 6 o.c. of the original solution, are now 
titrated with the permanganate as is described above, and the process is repeated 
until corresponding results are obtained. Since the gelatin, in the presence of 
salt and sulphuric acid, precipitates the tannin-matter, it is evident that tlio 
difference between the result of this titration and of that already carried out 
on the untreated extract will give the amount of permanganate solution which 
has been reduced by the tannin-matter itself. From this result the peroentago 
of tannin may be calculated, if necessary, os is described hereafter. 

The Following Freoaatlons must be attended to In carrying out the Ldwenthal 
Prooess. 

( 1 ) If the gelatin, kaolin, or salt, which are used to precipitate the tannin, 
contain any soluble oxidisable impurities such as sulphites, these would render tha 
titration-result of the oxidisable non-tannin matter too high. When very accurate 
results are desired, it is well to ascertain whether this source of error exists. 

This is done by mixing together the same quantities of indigo solution, distilled 
water, kaolin, and acidified salt solution as are used in a titration. The mixture 
is made up to 100 0.0., then filtered, and 20 o.c. of the filtrate are titrated with the 
permanganate. If the amount of permanganate reduced exceeds by mqre than 
O'l 0.0. that required by the indigo solution alone, one-half of this excess must be 
deducted from' the result obtained by the titration of the exidisable non-tannin 
matter, before this is subtracted from the result representing the total oxidisable 
matter present in the extract. 

( 2 ) The indigo solution in this method serves not only as an indicator, but it 
also controls the oxidising action of the permanganate by keeping it within certain 
definite limits. In order to insure a uniform limiting aotion» the volume of the 
permanganate solution whioh is used in a titration must nerer much exceed one 
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and two-tliii'd times that which is required by the indigo alone; if this quantity is 
exceeded, the tannin solution must cither bo diluted or a smaller volume of it must 
be taken and the titration must be repea^. 

(3) If the titrations are not carried out in a strictly similar manner, as regards 
stirring and rate of addition of the permanganate, comparable results cannot bo 
obtained, since the procedure during titration considerably affects the ultimate 
result. 

Calculation of Ldwenthal Analysis of Sumach.— Fifteen grams of sumach 
per litre were used as for the gravimetric analysis, 25 c.c. of the indigo solu- 
tion with 2'5 c.c. of the sumach infusion required in two titrations 413.5 and 
4 1 ‘25 c.c. of permanganate, or an average of 41 ‘3 c.c. 2.5 c.c. of the indigo solution 
alone required 2(V7 c.c. Accordingly 2‘6 c.c. of sumach-extract required 14 G c.c., 
and 10 c.c. of the original sumach solution would require 68‘4 c.c. After detannising 
tlie extract, 10 c.c. if the precipitation by gelatin was used, or 6 c.c. = 5 c.c. of 
original solution if the gravimetric method with wet [)owder was used, tvero 
mixed with 25 c.c. of the indigo solution and required 28 7 c.c. of permanganate, 
and after deducting 26‘7 c.c. for the indigo, the sum of two such determination.s 
was 4 c.c. This corresponded to 10 c.c. of the original liquor. The volume of 
tlio permanganate solution required for the tannin in 10 c.c. is therefore 
6S-4 - 4 0 - 54-4 c.c. 

Similarly two 6 c.c. portions of the gallic acid .solution, which arc (ogether 
eq\inl to 10 c.c. of the 1 gram per litre solution, rc<pn‘red 10 4 c.c. of the perman- 
ganate. Now 1 gram of gallic acid i.s shown by the Table ( 714 ) to ho cr|uivulcnt 
lo l'5gram of sumach-tannin, and the gallic acid solution i.s therefore (^(|ui\ alent 
to a solution containing 1'5 gram per litre of sumach tannin. Accordingly 
100 

19 4 : 64’4 x : : T5 : 28 per cent. 


The gravimetric analysis of the same sumach gave 27 5 per cent, of tamiin, and 
substituting this in the above equation, we obtain 
27-6 X 19-4 X 15 


54-4 


I '47 gram, 


the amount of the tannin of this particular sumach as determined gravimetri- 
cally which is equivalent to 1 gram of gallic acid. Substituting this for the 
factor 1 '5 actually employed in the Lowenthal analysis, the re.sult obtained by the 
mctliod would exactly correspond to that yielded by the gravimetric method. 


General Remarks on Detannisation. — Shaking with chromed hide-powder i.s 
generally to bo preferred to precipitation with gelatin, einco the results of the 
former method can be calculated, by multiplication by a suitable factor, v ith 
very considerable accuracy into those of the gravimetric method by whidi 
umterials are usually bought. Such a factor may be obtained from the Table ( 714 ), 
^ut it is always more safely found by direct estimation made on an average 
sample of the tannery liquors. 

Great simplification may bo made in the method of detannisation when no 
gravimetric determination is required, since the Lowenthal titration is unaffected 
either by the salts present in the chroming liquor or by traces of dissolved hide- 
substance, so that washing is superfluous and the powder needs only to be oliromed 
and squeezed, and the necessary water added as is described in the gravimetric 
meihod. 


24 
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A still further shortening of the manipulation is obtained by using Pt()f(\ssor 
Paeasler’s “lightly chromed” dry hide-powder, obtainable from the Reseiuth 
Institute for Leather Industries, Freiberg-in-Sachsen, or even by using lino freshly 
air-dried chrome-leather shavings from the machine as suggested by Kopecky. 
7 grams of the dry powder and a little kaolin are well mixed with 100 c.c. of the 
diluted liquor, and are shaken in a suitable machine for fifteen minutes ; the liquid 
is then filtered and 6 c.c. are titrated. It is uncertain whether the small amount 
of hygroscopic water contained in such an air-dried powder, not exceeding in tliis 
case 1 gram, really acts as watbr of dilution when the powder is shaken with a 
liquor ; but in any case the error thus introduced cannot exceed one-liundrcdth 
part of the total tannin present, and as it is constant in all analyses, and tliese 
are only required for comparative purposes, it may be neglected without hesitation. 

714. Determination of the Absolute Percentage present of any Form 
of Tannin. — If it is desired to determine the actual percentage weight ol 
any form of tannin other than gallotannic acid in a sample of tanning material 
by the Ldwenthal method, it is necessary to resort to the gravimetric proi e.'^s 
already described (711) in order to standardise the permanganate solution, 

5 c.c. of the original extract (710) is titrated as is directed above (713). 6 c.c. 
representing 6 c.c. of the same extract after detannisation (71 1 ), is similarly titra ted 
in order to estimate the amount of non-tannin matter present. 60 c.c. of the 
original extract and 60 c.c. of the filtrate from the hido-powdor are then evaporated 
separately, and the residues are dried as directed and weighed. The actual weiglit 
of the tannin matter, which corresponds to the gallic acid equivalent of tiie 
permanganate reduced, can then be calculated and a factor obtained. 

This method is obviously useless for a single estimation, but when a number 
of titrations of similar tanning solutions are being made it is often very convenient, 
In some cases the proportion of oxidisable non-tannin matter can be assumed 
to be constant, and the tannin-strength of a liquor is then obtained by a single 
titration. 

Table of Average Factors for Lowenthal’s Method. 

Tanuln value 

Material. of 1 griim of 


Chestnut- wood tannin 

gallic Rcid. 

. 1-65 

Oak-wood tannin .... 

. 1-89 

Styrobalans tannin 

. 1-73 

Quebracho-wood tannin 

. 1-69 

Valonia ..... 

. 1-68 

Sumach ..... 

. 1-60 

Oak' bark 

. 1-71 

Mimosa-bark .... 

. 1‘88 

•Mangrove-bark .... 

. 140 

Gambier cube .... 

. 1-78 

Average of all above materials 

. 109 
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SOAP ANALYSIS 

715* In ordinary analysis of soap, it is not necessary to estimate all 
the constituents. The determination of water, free and combined alkali, 
fatty acids, and insoluble matter will commonly sudlco. 

The first scheme described below (716-72I) is rapid, and is sufficient for 
ordinary technical analyses. 

A more complete chemical examination of the soap would include the 
estimation of the amount of free fat, re.sin, glycerine, and of certain other 
substances. In many cases also an investigal ion is required into the nature 
of the fatty acids present. 

Two schemes for more complete analysis are drawn out below. That 
described in paragraphs 722 -728 includes the estimation of all the constituents 
of an ordinary soap, while that described in paragraph 73O may be used for 
toilet or other special soaps. 


Scheme foe Partial Analysis of Soap. 

716. An Average Sample of hard or soda soap is obtained by cutting 
out a slice at about one-third the length of the bar ; either the whole of this 
slice or a half or quarter may be taken as representing the soap, and this 
is thoroughly mixed by cutting it up, and is at once placed in a stoppered 
bottle. 

A soft or potash soap should be well mixed before taking the sample. 

Moisture. — One gram of the average sample, in fine shavings, is dried 
in the water-oven for six hours or more, and is weighed when cool ; the drying 
is then repeated for an hour and the soap is again weighed, and these processes 
are repeated until two consecutive weighings closely agree with one another. 

717* A.sh. — Place 2 grama of the average soap {716) in a small platinum 
dish and ignite it at a moderate heat. If any difficulty is experienced in 
burning off the carbon, treat the mass with water and filter, then dry and ignite 
the filter in the dish : now add the filtrate to the incinerated filter, evaporate 
dryness, and gently ignite the residue. 

718. Insoluble Matter.— Dissolve the ash in water, and filter 
ff there is any appreciable residue ; reserve the filtrate, and wash, dry, ignite 
Md weigh the insoluble matter. 
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719 . Total Alkali.— Titrate the aqueoas solution of the ash ( 718 ) v, ith 
seininormal hydrochloric acid, using methyl -orange as an indicator. Then 
calculate the weight of alkali, using 0*775 as the factor for the conversion uf 
HCl into NagO, and 1*27 as the corresponding factor for KjO in a potash soap. 

720 . Free Alkali. — Dissolve .3 grams of the average soap in fine shav- 
ings by warming it with 1.50 c.c. of methylated spirit, which has been made 
neutral to phenol-phthalein by the addition of Na(3H solution. 

(a) Titrate 50 c.c. of this solution with dccinormal hydrochloric acid, 
using phenol-phthalein .os an indicator, to obtain the amount of NaOH or 
KOH present. 

(b) Boil 60 c.c. of the alcoholic solution with 6 c.c. of dccinormal hydro- 
chloric acid to decompose any carbonate present, then cool the liquid and 
titrate it with dccinormal casutic soda .solution, using phenol- f)hthalcin as 
an indicator. 

The amount of HCl neutralised by the NaoCOg or KjCO-, will becqinil In 
the difference between the amounts of the acids whiciihave been neutralised 
in (b) and (a). 

721 . Fatty Acids. — Dissolve 10 grams of the average soaj) in 250 c.r, 
of water contained in a beaker, and heat with excess of dilute H^SOi unlil 
the fatty acids separate out as a clear layer. Then cool, and filter the aqucniis 
solution through a plug of glass-wool, rejecting the filtrate. Romelt I he 
mass of fatty acids several times with boiling water, stirring vigorously 
each time, and finally introduce the mass into a glass basin ; melt the fatty 
acids in the basin, pour off the clear part into a weighed beaker, and heat this 
in the water-oven until its weight remains constant. 

Now wash the vessels and the gla.ss plug with cold water until they are 
free from acid ; then dissolve the fatty acids from thorn with boiling methy- 
lated spirit, collecting tho liquid in a weighed beaker. Evapornfo (ho 
alcoholic solution on the water-bath, and dry the residue in the steam-oven 
until its weight is constant. 

Tho sum of the two weights thus obtained gives the total weight of (he 
fatty acids, and this is multiplied by 0’97 to obtain the w eight of tho fnKy 
anhydrides. 

Note. — In case tho fatty acids are fluid or very soft proceed as is diiecfo^i 
in tho Note (726). 
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Scheme for more (Complete ANALYsrs of Soap. 

722 . Preparation of an Average Sample for Analysis.— The 

following special method for preparing an average sample for analysis is de- 
scribed because soap contains a largo proportion of water which is difTcrently 
distributed throughout the mass, the outside of the sample usually containing 
much less moisture than the inside. 

Cut out a slice of the soap through the middle of the bar, and at right- 
angles to its long axis. This slice must either weigh exactly .W grams, or else 
the volume to which the soap solution is dilute<l must be adjusted accordingly. 
Warm the soap with air-free distilled water until it is dissolved. Then dilute 
the solution, and filter it if necessary through a (hied tared lilter. 

Any insoluble matter thus obtainetl is dried on the lilter and weighed. 

The warm solution is cooled in a half-litre llask to about (>0° C. ; it may 
gelatinise if its temperature is further reduced. It is then made up to the 
mark with air-free water at 00 ® C., and the liipiid is thoroughly though gently 
mixed by inverting the flask, since if the liquid is violently agitated it will 
froth seriously, Several portions of 50 c.c. and 100 c.c. each are then at once 
mi^asured olT by heated measuring-flasks into separate vessels for analysis. 

An alternative method consists in making the solution up to 500 c.c. at 
00 "^ C., then allowing it to cool and sot, and bringing it to the liquid state in 
file stoppered measuritig-flask, when nece.ssary, by warming the contents of 
the (la.sk to 00° C. If the .soap-.solution has been allowed to stand aside, 
it must always be thoroughly mixed before any portion is measured off for 
analy.siis. 

723 . Estimation of Moisture. — 50 c.c. of the above solution of the 
soaj), corresponding to 5 grams of the soap, are evaporated to dryne.ss in a 
weighed platinum or porcelain dish upon the water-bath. The soap residue 
is dried in the steam-oven, or in an air-bath at 120° C., until the weight is 
constant, and the weight of the dry residue is subtracted from 5, in order 
to obtain the weight of water which was originally present in 5 grama of the 
soap. 

724 . Estimation of Matter Insoluble in Alcohol.— Transfer the 
dried soap from the dish ( 723 ) as completely as possible to a 15 cm. filter, 
which has been previously treated with alcohol and then dried at 100 ° until 

weight is constant. Ascertain the amount of soap, which has been removed 
to the filter, by reweighing the dish. Then press the filter round the soap 
®o as to enclose it in a bag, and place the filter containing the soap in the 
^oxhlet extractor ( 671 ). Pour absolute alcohol into the flask and drop in 
^ lew pieces of platinum-foil to prevent the alcoholic solution of soap 
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bumping ; then boil the spirit, and allow the extraction to continue for two 
hours. 

The filter will now contain any matter which was present in the soap and 
was insoluble in alcohol, such as starch and alkaline silicate and carbonate. 
Dry the filter with its contents in the steam-oven until its weight is constant, 
and subtract the weight of the filter in order to obtain the weight of the in- 
soluble matter. 

The amount of mineral matter, which is present in this residue, may then 
be found by incinerating the residue and filter at the lowest temperature 
possible, weighing the residue and subtracting the weight of the filter-ash. 

725. Estimation of the Alkali which is present as Hydroxide, 
Carbonate, and Silicate.— Since the evaporation of the soap solution 
would convert the alkaline hydroxide into carbonate, it is necessary to dissolve 
a slice of the soap (722), weighing 20 grams, in 200 c.c. of absolute alcohol. 
This solution is filtered, and 50 c.c. of the filtrate are titrated with nonnal 
sulphuric acid, using phenol-phthalein as an indicator. This titration gives 
the amount of sodium hydroxide present (Note). 

The residue on the filter is dissolved in water, and the solution is titrated 
with standard acid in the presence of methyl-orange in order to estimate 
the amount of Na^O present as carbonate and as silicate. 

Note. — The above separation of sodium hydroxide from sodium carbonate liy 
means of absolute alcohol is frequently not complete. If the alcohol is 
ab-solute some NaOH remains undissolvcd, while if water is present some Na^COj 
may pass into solution. A qualitative test for free alkali may bo made by placing 
a drop of phenol-phthalein solution on the freshly cut surface of the soap ; if ao 
red coloration appears, free alkali is absent and absolute alcohol may be satis- 
factorily used. 

726 . Estimation of the Fatty Acids.— The fatty acids in the soap 
may either be determined in the alcoholic solution, which has been neutralised 
with the normal acid as is described above ( 725 )» solution being diluted 
with water and then boiled until all the alcohol is removed ; or 50 c.c. of tbe 
original soap solution ( 722 ), oorresponding to 5 grams of the soap, may be 
used for the determination. 

In either case, a measured quantity in excess of normal sulphuric acid is 
added to the soap solution contained in a beaker, a dish, or a conical fiask. 

, ■ The vessel is then heated on the water-bath, or gently boiled, until the fatty 
acids form a transparent layer, free from white spots, on the top of the liquid, 
and a clear solution remains below. 

The fatty acids are most conveniently separated from the liquid in a dish 
and are then washed by using the “ butter-flask ” as is directed in para- 
graph 688 > The aqueous liquid and washings are reserved for the estimation 
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of the alkali (728), and th^ weight of fatty acids found is multiplied by 
0*97 in order to obtain the weight of the fatty anhydrides. 

Another method consists in decomposing the soap solution by the acid in a 
beaker, and cooling the hot liquid until the fatty acids set into a solid cake. 
The aqueous solution is then filtered through a wetted filter, and the fatty 
acids in the beaker are washed by shaking them with hot water, cooling, and 
pouring off the aqueous portion again {Note). This washing process is repeated 
until the washing- water no longer affects blue litmus-paper. If the washing is 
carefully performed, very little fatty acid will bo present on the filter. 

The funnel containing the filter is placed in a small beaker and dried in the 
steam-oven. The fatty acids are dissolved from the beaker and the filter by means 
of alcohol, and the solution is added to the fatty acids in the beaker. The beaker 
and its contents are then heated on the water-bath and then in the steam-oven 
until the weight becomes constant. The weight of fatty acids thus found is 
multiplied by 0*97 in order to obtain the weight of the fatty anhydrides. 

Note . — Instead of washing the fatty acids upon the filter, they may bo removed 
as a cake, which is washed with cold water ; this becomes a necessity if the fatty 
units are liquid or very soft. For this purpose from 6 to 7 grams of white 
wax are accurately weighed out, and are kept in a melted state with the fatty 
acids in the beaker on tlie water-bath, after the normal acid has been added, 
until all water separates from the molted layer. The beaker is then cooled, and 
a firm cake is obtained which can bo removed, rinsed with cold water, drained, 
dried with filter-paper, and weighed : any fatty matter which remains adhering 
to the inside of the beaker is scraped off, washed, dried in a desiccator, and weighed 
with the cake. From the total weight thus obtained the weight of the wax is 
subtracted, and the result is the weight of the fatty acids. 

727. Twitchell’s Process for estimating Kesin Acids in mixture with 
Fatty Acids. —The process depends upon the conversion of the fatty acids 
by suitable treatment into their ethylic esters, the resin acids under the same 
treatment remaining unaltered. The resin acids are then either separated 
and weighed as such, or are estimated by titration. 

About 2 grams of tha dry fatty acids (726) are aoourately weighed into 
a suitable flask, 25 c.c. of absolute alcohol are added, and the flask is 
gently warmed to dissolve the acids. 

Dry hydrochloric acid gas is then passed rapidly through the alcoholic 
solution for about half an hour, the flask being cooled meanwhile by immersion 
in running water. 

^ The hydrogen chloride may be generated by slowly dropping strong sulphuric 
acid from a tap-funnel into strong solution of hydrochloric acid, and drying the 
gas by passing it through strong sulphuric acid. 

It is advisable to introduce a stop-cock or screw-clip between the drying- 
flask and the alcoholic solution, so as to be able to prevent any back-rush 
of the alcoholic solution when rapid absorption is taking place. With this 
object the rate of evolution of the hydrogen chloride may be increased 
while the first rapid absorption of gas continues, and diminished when the 
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absorption and esterification approaches completion. The excess of the 
gas may bo absorbed by passing it up a tower filled with marbles down w Inch 
water is allowed to flow. 

As soon as the action is complete, which is known by the dark colour of 
the liquid and the escape of unabsorhed HCl, the flask is removed from the 
cooling- bath and is allowed to stand for half an hour. 

The fatty acids will now have been converted into their ethylic esters 
while the resin acids will bo present in a practically unchanged condition. 'I'lie 
estim.'ilion of the resin acids can now be made by separating and weighing 
them (A), or by titrating them in the mixture of fatty and resin acids (B). 

(A) Estimation by Direct Weighing of the Resin Acids, -'I’he liijuifl 
is diluted with aVrnut five times its volume of cold water and is hcstid 
on the water-bath until it becomes practically clear, the mixed resin acids 
and ethylic esters forming an upper oily layer. 

The flask is then cooled, 40 c.c. of petroleum ether are added, and the 
whole is transferred to a stoppered separating-fiinnel, the flask being rinsed 
out into the funnel with 10 c.c. of petroleum ether. The separator is now 
gently shaken, and the lower acid layer is allowed to flow off after ilic 
liquids have had time to separate. The residual ethereal solution is waslicd 
unco in the funnel with water to remove most of the remaining hydrochloric 
aedd, and is then mixed with fiO c.c. of an alcoholic solution of potash, wliidi 
is made by dissolving 10 grams of pure potassium h 3 alrr)xide in water, adding 
85 c.c. of absolute alcohol and diluting to a litre with distilled water. 'I’lic 
mixing is best effected by rolling the separator round gently on the bi iidt 
80 as to avoid the formation of an emulsion. 

The liquids arc now allowed to .separate completely, and the lower layer 
containing the resin soap is transferred to another separator, while the ujq'er 
layer may be reserved for the isolation of the fatty acids if necessary. 

The lower alkaline liquid in the separator is then mixed with 2.5 c.c. of 
dilute sulphuric acid, and the liberated resin acids are dissolved out hy 
shaking the liquid with 50 c.c. of methylated ether. The lower layer is 
allowed to flow away, and the ethereal solution is washed three times with 
water in the separator, and transferred to a weighed beaker or flask ; after 
the ether has been removed by evaporation, the resin acids are dried iu 
the steam-oven until their weight is constant. 

• The resin which is thus obtained should be transparent and hard ; if it 
remains slightly soft and sticky after being dried, it probably retains a 
small amount of fatty acid. 

fB) Estimation of the Resin Acids by Titration.— The esterification is 
carried out as has been de.scribed above. After the dark liquid thus olrtaincd 
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has been transformed to the separator, it is well shaken and allowed to sei)ai ate 
completely into two layers ; the acid layer is allowed to flow away, and the 
ethereal solution is washed thoroughly with successive amounts of water, 
until the washing-water is perfectly neutral to litmus. 

50 c.c. of neutral alcohol are then added to the ethereal solution of the 
esters and resin acids, and the liquid is titrated with standard caustic alkali, 
using phenol-phthalein as an indicator. The alkali immediately combines with 
the resin acids, whilst the aliphatic esters remain practically uiultered. 

The average combining equivalent of resin acid.s is usually taken as iUfl, 
so that 1 c.c. of the normal alkali solution corresponds to 0‘34G gram of 
rosin acids. 

The volumetric method is somewhat more rapidly carried out than tin; gntvi- 
melrio. It is, however, less accurate, since its results depend upon the correct- 
ness of the combining equivalent of the resin acids which varies in difTerent 
samples, whensas the gravimetric method directly determines the actual weight 
of tliose acids. Even the gravimetric process must not bo considered to give 
results which are absolutely accurate, and the error may amount to as much as 
5 per cent, of the amount of rosin present : this method is, nevertheless, the most 
accurate one known for the determination of the amount of resin present in .soap. 

728. Estimation of the Total Alkali - All the alkali will be con- 
lained in the aqueous filtrate (726), if the original soap solution was employed 
for (he estimation of the fatty acid.s. If, however, the alcoholic solution (725) 
was used for the estimation of the fatty acid.s, the filtrate (726) will contaiii 
the total alkali, less that which is prc.scnt in the in.soluhle residue (725)- 

In either case the e.\'ces.s of .standard acid i.s measured by titrating the 
filtrat(! with standard .sodium hydrate .solution. Since a known volume of 
standard acid was originally added to the soap solution (726), tho quantity 
of acid corresponding to the total alkali in the soap can now be obtained by 
aifference, and from this result the amount of the combined alkali, NajO, 
or KjO, may be calculated. 

729. Potash Soap or Soft Soap.— Since the alkali present in this soa]> 
IS potassium oxide, the alkali must bo calculated as K2O instead of as NaA). 
If both sodium and potassium are to be estimated, a mca.sured volume of the 
soap-solution (722) is decomposed by hydrochloric acid instead of sulphuric 
acid (726), and the alkali metals are determined in the filtrate from the 
fatty acids by proceeding as is directed in paragraphs 428, 429. 

For the Results of Analyses of Soaps refer to paragraphs 967 , 968 . 
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730. Complete Analysis of Soi) 


Measure PO c.c. of the Soap-Soluticn (722) and evaporate this on the water- hath, or wri. 

tracted I’lotn C>, gives the VVoig;; 

Remove this residue to a tarcd Jilter, which has been extracted with petroleum ether, and trt;; 


Ether Ex- 
tract. Dis- 
til oil the 
ether, and 
dry the 
(lask at 100^ 
C., until 
its weight 
is constant. 
The r(‘sidue 
is Uncom- 
bined Fat. 


Note. - hla- 
sential oils 
and certain 
adulterants 
may he [I're- 
•sent in this 
re.sidue. 


The Residue in the fdter consists of .soap and oth 


The Alcoholic Extract contains soap (fatty anhydride and combined ulkalid, 
resin, and glycerine. Add a few (Irops of phenol- phthalcin, and cxacllv 
neutialise with dilute ILSO^ if free alkali is shown to bo present by tin; 
colour of the [)henol- phthalcin. 


Free Alkali. 
For this 
estimation 
lefer to 
par. 725. 


Adil a largo excess of water, and boil olf all the alcohol. Decom- 
pose tlie soa|) by adding a measured volume in excess of noi in il 
ih,S()^ ; boil, separate the free fatty acids (726), filter and wash 


i The Filtrate eont.ains eom- 
1 billed allvali anil gly- 
j ccriiie. Titrate it with 
normal sodium hydrate 


solution. 

F roni the 
volume of 
sodium hy- 
drate solu- 
tion used, 
the H, SO,, 
which cor- 
responds 
to the 
Combined 
Alkali, is 
known. 

'I’he amount 
of the com- 
bined al- 
kali i.s cal- 
culated as 
Na., 0 . 


After titra- 
tion, eva- 
porate the 
liquid to 
dryness on 
the water- 
bath. Heat 
the residue 
with I [lart 
of chloro- 
form and 2 
parts of 
absolute 
ale oh ol; 
evaporate 
the clear 
alcoholic 
.sol nf ion to 
drynes.'j in 
u tareJ 
dish ; and 
weigh the 
residual 
Olycerine. 


Note . — The 
rosid u e 
should be 
inciner- 
ated, and 
the weight 
of any ash 
thus found 
must be 
deducted 
from that 
of thegh - 
cerine. 


The Residue on the filter- papci oon 
sists of Fatty Acids and Resin. 
Dry it at 1 10 ^ C., and weigh. 
Dissolve an aliquot part in 20 c.c. uf 
strong alcohol; saponify by limit- 
ing with sodium hydrate snliilion 
added in .slight excess, 
phenol-phthalein to a.scertaiii when 
excess i.s pre.sent. Boil, cool, trams- 1 
for to a stoppered cylinder, and add 
ether until the volume is 100 0.0., 
Add a fair quantity of AgNO, in 
fine powder, shake well for fen 
minutes, and allow to settle. 


The Precipi- 
tate, which 
consists of 
stearate, 
|) a Imitate, 
and olcato 
of silver is 
rejected 


The Solution consisfj 
of reainate of .silw. 
Filter off 50 c.c. from 
the total 100 c.c. O'- 
comjioso tins with 
20 c.c. dilute IK-Hl 
of acid : 2 of water). 
Measure the volnm® 
of the liipiid, 
the AgCl to scttlm 
and evaporate an 
aliquot portion ot 
the clear solution 10 
a tared dish. 
the residue at Utl 
C., and weigh Th< 
Resin. For each 
0.0. of solution evap | 
orated, subtrad 
0-00236 gram, 
correct for dissobr 
oleic acid. , 

Subtract the weight « 
re.sin in 5 grains 
soap from the corr^ 
spotiding weight 0 
the fatty aciO ; 
re.sin, and ainlt'PJ 
the weight of 
*atty acids thus 0 
L I e.o 7 in: 


lauy aciua 

tained by 0-97 
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(Modification of Leeds’ Scheme). 


6 grams of the average soap and dry at 100® C. The weight of the driod substance, when sub- 
of Water in 6 grams of tho soap. 


the soap, wrapped up in the filter-paper bag, with petroleum etlicr in tho Soxhlct apparatus (671). 
constituents. Treat this with alcohol in tho Soxhlct apparatus. 


The Residue consists of Na^^CO,, NaCl, NayS04, sodium silicate, starch, and insoluble niattcr.i 
W.ash witl) oil c.c. of cold water. 


Tho Filtrate consists of Na_,CO.<, NaCl, Na,/iO,, ami 
sodium silicate. Make the solution up to 100 c.c., 
and use separate portions of 20 c.c. each for the fol- 
lowing estimations. 


Na,jC0;j. 

Titrate \vith 
normal 
H.S 04 ,and 
calculate 
tho result 
as NOaCOn- 
This "will 
include 
any Na.p 
originally 
present in 
the resi- 
due as 
silicate 
and as hy- 
drato(725). 


NaCl 

Titratewith 
A g N 0 

(373); 

precipitate 
as AgCL 
and weigh 
(149). Cal- 
culate tho 
result as 
NaCl. 


Na^SO^. 

Acidify with 
H(’l, pre- 
0 ipitate 
with BaCl^ 
solu tion, 
and weigh 
tho BaS04 
(133). Cal- 
culate as 
Na.jS 04 . 


SiO,. 

Dccompo.se 
with HCl, 
evaporate 
down to 
d ry n ess, 
heat the 
residue at 
150® in tho 
air - oven, 
and deter- 
mine the 
Silica in 
the resi- 
due (210). 


The Ro.9idue coasists of starch and 
insoluble matter. Dry at 100° C., 
and weigh tho Starch t- Insoluble 
Matter. I 


Boil the re.sidiie with about 100 c.c. 
of water. Place the solution itj a 
small bottle, and add 1 c.c. of 
strong ]I.,SO|. Cork tho bottle, 
and wire down tho cork tightly. 
Heat the bottle and its contents 
on the water- bath for several 
hours. Then neiitraliso tho excess 
of acid, titrate the glucose thins 
formed with Fehling .solution (701), 
and calculate the weight of the 
Starch. 

The weight of the Insoluble Matter 
is found by diflerence. 


I 



PART TV.~BE(rrrON XTl. 

EXAMINATION OF OILS, PATS AND WAXES. 


iNTRODRCrrORY. 

740. The following' is a general deseription of the character.s of Oils, 
t’atH, and Waxes, and of the (‘he.mical methods suitable for their identilit aiioa. 
Th(!se subjeet.s liave not been treated exhaustively, and special books (1021) 
should be consulted if fuller information is required. 

When they are chemically considered, the majority of the vegetable and 
animal oils and fats are glycerides of the fatty acids, whereas the waxes ai e 
(•sters of monhydric or dihydrio alcohols. This natural division has been 
adopted in the description of the constitution and properties of these sub- 
stances. 

741. Constitution of Fats and Oils.— The natural fats and oils are 
usually mixtures of the triglycerides of fatty acids of high molecular weight. 

'rhus olive oil consists mainly of glyceryl oleato or “ triolein," ami 
represented by the formula C3H5 (O.CigHjjOja. Similarly mutton fat contaitH 
the triglycerides of palmitic and stearic acids, which have the foriniil i' 
C3H5.(O.Cjr,H3iO)3 and C3H6(0.Ci8H330)3 respectively, and are ahotlly 
named tripalraitin and tristearin. 

The pure triglycerides are only prepared with difficulty from the natural 
products, but they have been prepared synthetically and their properl iis 
have been ascertained. 

742. Chemical Properties of the Natural Oils and Fats.— A.s 
has been already stated, most of the common fats and oils contain tripalrnitin, 
tristearin or triolein ; but even the purified oils usually contain colouring 
and mucilaginous matter, together with fragments of vegetable and aninuil 
tissue which ate derived from organisms in which the fata were present. These 
foreign substances constitute the “ unsaponifiable matter,” the amount of 
which rarely exceeds 2 per cent, of the oil or fat. 

The most important of these unsaponifiable matters are cholesterol aud 
phytosterol, which respectively indicate the animal or the vegetable origin 
of the fat or oil. 


m 
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The amount of free fatty acids present is at first small, l)iit it increases with 
the length of time during which the sample has been exposed to the air. 

When the oils and fats have been prepared by synthesis they are colourless, 
odourless, and tasteless ; but the purest natural producis frequently possess 
characteristio colour, taste, and smell. Their solutions should be neutral 
to indicators. 

The natural glycerides are either liquid at atmospheric tcmpciatures 
or they melt when a moderate heat is applied. The solid glycerides sepai ato 
out more or less completely from mixtures when the li(iuids are cooled. 

The natural oils and fats are practically insoluble in water, and while they 
are only slightly soluble in cold alcohol their solubility is increased when the 
alcohol is heated. They are freely soluble in most other organic liquids 
such as ether, petroleum ether, carbon tetrachloride and chloroform. 

Their densities vary from 0‘910 to 0'970. 

When they are heated to 260° C. little change occurs, but in the case of 
drying oils polymerisation takes place. At higher temperatures (he fats 
decompose, and at and above 300° C. the characterisi ic penetrating odour 
of acrolein is perceived ; at higher temperatures fatt.y and aromatic hydro- 
carbons are given off in considerable amount. 

Mxixwure to dry air has no effect upon oils and fats, but ordinary damp 
atmos[)hcric air in daylight exerts a marked influence on the composition of 
these glycerides. 'I'he chemical change is most marked in the case of drying 
oils such as linseed oil, oxygen being absorbed in largo amount and the oil 
thickening and finally setting. The semi-drying oils absorb less oxygen 
and the ordinary solid fats least of all. 

Exposure of the non-tlrying oils of low molecular weight, such as 
butter and cocoa-nut oil, to moist air and daylight gives rise to rancidity 
which is due to the formation of free fatty acids. This effect is less 
marked in the case of the fats, such as tallow, which contain the higher fatty 
acids. 

When those glycerides are heated with water to 160° C. they remain 
unchanged, but at and above 200° C. hydroly-si-s occurs, water being assimilated 
and glycerol and fatty acids being formed : thus if R represents a fatty acid 
ladicle, C 3 Hj,(O.R )3 + C^lI^fOll);, + 3R.()H. This process of 

hydrolysis is greatly accelerated by the presence of strong acids or bases, 
such as strong hydrochloric acid and alcoholic potash. When the action 
occurs in the presence of caustic alkali the change is commonly termed 

saponification,” since one of the products is an alkali-salt of the fatty acid, 
^nd these salts are soaps or analogous bodies. 

Strong sulphuric acid acts upon oils and fats at ordinary temperatures 
causing a rise of temperature, which is utilised in the Maumen6 test ( 754 )« 
evolution of sulphur dioxide. At temperatures exceeding 100° C. the acid 
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reacts energetically, hydrolysing the fat and forming sulpho-compounds of 
the fatty acid together with glycerol. 

Nitrous acid converts the non-drying oils into solids of a buttery con- 
sistency. The consistency varies with the amount of triolein present, since 
the thickening is due to the conversion of the triolein into a solid isomeride 
known as trielaidin. Drying oils remain liquid under this treatment. 

Iodine does not yield substitution products when it is mixed with an oil 
or fat. The iodine is absorbed slowly at ordinary temperatures by the 
glycerides of the unsaturated fatty acids, but at higher temperatures <hc 
absorption is irregular and secondary reactions take place. Theoretically 
one molecule of iodine should be absorbed by each pair of doubly linked 
carbon atoms : and Hiibl has shown that when an alcoholic solution of iodine 
and mercuric chloride is allowed to act upon the fat or oil this change takes 
place quantitatively, every pair of doubly linked carbon atoms present in the 
unsaturated compound absorbing one molecule of iodine mono-chloride 

( 758 ). 

743- Constitution of Waxes.— While the feta and oils arc all 
glyceryl esters of the fatty acids, the waxes proper are esters of the fatty 
acids containing a radicle of a mono- or di-hydrio alcohol. Thus the cctin 
or cetyl palmitate present in spermaceti may be considered as a product of 
the action of cetyl alcohol, CjeHajOH upon palmitic acid, CnHji.CO.OH, and 
the formula of this ester is accordingly CjaHji.CO.OCigHja. 

Similarly, the myricin or myricyl palmitate present in beeswax has the 
composition represented by the formula CisHjj.CO.OCieHj,. 

The alcohol radicles present may belong to alcohols of the saturated or 
unsaturated aliphatic series, or to the aromatic series. 

The liquid waxes in sperm oil contain compounds of the unsatu rated 
alcohol radicles of the series CnH,„0 in combination with the radicles of the 
unsaturated fatty acids. 

744. Properties of the Natural Waxes.— The properties of the 
waxes have not been as thoroughly investigated as those of the oils and fat.*?. 
In beeswax and Canatiba wax free fatty acids and free alcohols have been 
found. Since the alcohols are of high molecular weight and are insoluble, 
notable amounts of unsaponifiable matter are found which are due to the 
presence of these alcohols. 

The liquid waxes and spermaceti are neutral in reaction. In their physical 
properties these substances resemble the fats and oils, and they behave 
similarly with reagents. 

The liquid waxes are of lower density than the fats, the density varying 
between 0*875 and 0*881. They do not emit the odour of acrolein when they 
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are hoatod, since glyceryl is absent ; but when they arc licatod to a higli tem- 
perature the esters are converted into hydrocarbons. They do not become 
rancid as fats and oils do when they arc exposed to similar conditions. 


Preparation of the Fatty Matter for Examination. 

745 . A fat or oil must bo carefully “sampled,” so as to secure a truly 
average and representative portion for ^examination. 

If the substance is a liquid, some of the constituents may possibly have 
separated more or less completely from the mass, and it is then necessary 
to mix the whole thoroughly by stirring immediately before the removal of 
any portion for examination. 

If the fat is solid, a suitable amount is removed by an auger or other 
suitable tool. Before this fat is used for examination, it is melted upon 
the water-bath at a tcmperattire not exceeding GIF C. and is then re- 
moved from the water- bath and stirred vigorously in order to prevent the 
separation of water and impurities. 


Estimation of Water. 

746 . Weigh accurately about 6 grams of the fat or oil in a small fared 
beaker containing a thin glass rod, and heat the beaker with its contents in 
the air-oven to a temperature of from 100® to 110® C. until the weight is 
practically constant. 

The drying should be stopped as soon as two successive weighings 
agree within 1 or 2 milligrams. This will usually be secured in about 
two or three hours. If the heating is further continued, some of the lower 
fatty acids may be volatilised, or possibly an increase of weight may take 
place owing to absorption of oxygen from the air ; these opposite eflects may 
in certain cases, however, chance to balance one another. 

While the fat is being dried it should be stirred from time to time, since 
any water which collects below the melted fat will evaporate through the fat 
very slowly unless it is brought near the surface. 

In the case of drying oils, which absorb oxygen readily from the air, it 
is advisable to displace the air and steam by passing a constant stream of 
carbon dioxide over the surface of the heated faU 
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Rstimation of Forekjn Substances. 

747. Matters other than fat, such as aniiii.il and vegetable tissues and eer- 
tain fraudulent admixtures, are determined hy removing the fat by a solvent. 
The solvents usually ern])loyed are petroleum ether and ordinary ether. 

Weigh o\d. aeeurately into a flask 10 to 20 grams of the dried fat 
(746) and shako this with petroleum ether, then pour the solution through 
a fared tiltcr, and wash with fresh solvent until a few drops of the washiug- 
li(|uid when evaporated on paper does not leave a grease .spot. 

Then dry the filter with its contents at 100° C. and weigh them. The 
proportion of mineral matter may be e.stimated by incinerating the filter and 
its contents at a red heat and weighing the ash ; the amount of organic matter 
may then be found by difTorenco. 

iStarch may be detected, in the residue left from the extraction of the 
fat, by the iodine te.st. 

The Mineral Residne may contain salt, chalk, clay, lime and alumina: 
the two latter substances being derived from the admixture of the fat with 
mineral soaps. 

The Suhtanccs SoJvble in Water may be removed by shaking from .'^0 to 
100 grams of the original fat with warm water : the water-layer which sejr.rrat's 
out on standing may be tested tor alkali, salt, or soluble acid, and any 
sub.stance thus detected may then be estimated volumetrically. 


Determination of the Fat and the Foreign Substances. 

748. The direct deter minations of fat and of foreign substances may be 
combined by ii.sing a Soxhiet extractor (671) described below: 

Weigh out accurately from 10 to 20 grams of the fat into a “Soxlilct 
thimble,” or into a cartridge made by rolling a strip of filter-paper round a 
wooden cylinder and folding it in at one end. Introduce the weighed fat 
into the cartridge and place the whole in the extractor (Fig. 96, page 334). 
The top of the paper may be [rinched together to prevent any solid matter 
from getting out of the cartridge. 

• Now pour 50 c.c. of the solvent into the lower flask, which should have a 
capacity of about 160 c.c., and pour the solvent also into the Soxhlet 
apparatus until it begins to syphon over ; then at once attach the reflux 
condenser and heat the flask by means of a water-bath. The amount of 
liquid which condi nse will be sufficient to cause the syphon to empty the 
re.servoir of the Soxhlet apparatus from twenty to thirty times in the hour. 
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The extraction of the fat, which will require about an liour, is known 
to be complete when a few drops of the solvent, taken as they come from the 
siphon, leave no grease-spot when they are evaporated on filter-paper. 
As soon as this i.s the case separate the flask from the condenser and extractor, 
distil the solvent on the water-bath, and dry the residual fat at 100”^ C. to 
1 10^ C. until its weight is approximately constant. 


Detection and Determination of Inorganic Substances 
Dissolved in the Fatty Matter. 

749 . Oils and fats have the property of dissolving small quantities of 
metals and forming metallic 8 oap.s : and soaps of load and manganese are often 
introduced into “ boiled oils ” in this way. The presence of metals in this 
condition may bo detected by incinerating about fi grams of the fat in a 
platinum dish, or if lead is present in a porcelain crucible, and testing the 
residue for alkalis, lime, alumina, lead, manganese, iron, co[)per, and zinc. 

The alkalis may be dissolved from the residue by w’atcr and will give an 
alkaline solution. The other metals are detected by the ordinary methods 
of analysis, and their separation and estimation is described in tlie earlier 
part of til is book. 


DETERMINiLTION OF CERTAIN PHYSICAL 
CIIAHACT ERISTICS. 

750 . Methods for determining certain physical characteristics of fats and 
waxes are described in paragraphs 752 - 754 * Some of the reference-books 
which are mentioned in jiaragraph 1021 must bo consulted if the refractive 
index and the viscosity are to be ascertained. 


Separation of the Fat or Wax for Physical and 
Chemicai. Examination. 

751 * The fat may be prepared for examination by keeping it in a melted 
condition on the water-bath until the water and dirt have settled out, and 
then filtering it through a dry filtor-papor, 

T’his “ prepared fat ” is used for any physical determinations which may 
be made, such as those of the density and melting-point, and for determining 
the heat generated with sulphuric acid. Various characteristics and other 
experimental data for the oils, fats, and w'axes will be found in the Table (993)* 

2r). 
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Determination of Dknsity at 15-5° C. and at 100” C. 

752. 'i’hc density of an oil may be delcrmincd by the bydronietei (38), 
but for aocurale work (bo density-boillo (34, 35) or ilic Spiengcl tiilie 
(36, 37) n^ay be used. The temperature of C. is usually selected for 
the determination. 

The density of a solid fat or wax is generally taken at a temperature at 
which the fat is lirpiid, and 100" C. is usually selected lor this puipose. 

The Sprengel tube may be used in the following way at 100 " C. : After 
the melted fat has been sucked up into the tube, the body of the tube is 
placed in a vessel of boiling water with the capillary ends protruding. As 
soon as the volume of the liquid has been adjusted exactly to the mark and 
the boiling has continued for about twenty minutes, the glass caps are i)laccd 
on the ends, (he outside of the tube is dried, and the tube is weighed as soon 
as it is cool. 

The weight of the fat is then referred to tlic weight of the same measuied 
volume of water either at its boiling-point or at 15 - 5 " C. The temperature 
of the water-unit which is chosen must be carefully entered. 


Determination of the MELTiNo-roiNT and the 
SOLIDIFYING-rOlNT. 

753. The determination of the melting- and solidifying-point of fats and 
oils is not generally of much value, since these changes in condition take 
place so gradually that it is difficult to decide upon any definite temperature. 
Thus the criterion for the melting-point varies with different operators, sonio 
selecting the point at which the fat begins to soften, and others the point at 
which the fat becomes perfectly transparent. Since the size and shape of 
the vessel in which the fat is melted gives rise to considerable differences in 
the melting-point of the same fat, the doterininations must always be made 
ander precisely similar conditions in order to bo cora^iarable. 

For determining the melting-point of natural fats, the open-tube method 
(39> 40) employed ; but since a fat docs not again attain its normal 

melting-point for some time after it has been melted, twenty-four hours at 
least must be allowed to elapse after a sample has been melted before its 
melting-point is determined. 
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Heat of Reaction with Sulphuric Acid (Maumene Test). 

754. When Strong Sulphuric Acid is mixed with Drying Oils, a 
greater Rise of Temperature occurs than when it is mixed with Non- 
drying Oils. 

In applying this test comparable results can only be obtained when the 
experiments with different oils are conducted under exactly similar conditions 
It is essential that the acid should always bo of the same strength, which 
must bo not less thaji 9.5 per cent, of acid, and that it shall in every case be 
at the same initial temperature ; the vessels which are used should also be 
similar and of the same .size. 

For the apjdication of this test prepare a “ nest ” of cotton wool for a 
beaker of 200 c.c. capacity, by placing cotton-wool or wadding in a larger 
beaker. 

Then weigh accurately 50 grams of the oil in the smaller beaker, and 
place this beaker and the bottle of strong sulphuric acid in cold water. As 
Boon as the oil and the acid have acquired the same temperature, take out 
the beaker of oil, dry the outside, and place it in the nest of cotton-wool. 
Then stir the oil well with a thermometer, take its temperature accurately, 
and allow 10 c.c. of the strong acid to flow in .slowly from a pipette. Tlie 
acid must take one minute to flow into the oil, and during this time the 
oil must be continuously stirred. The highest temperature recorded by 
the thermometer during this process is recorded. 

In order to eliminate the error duo to the use of different strengths of acid 
the temperature may bo referred to that given by 50 c.c. of water when they 
are treated in exactly the same manner. 

The rise of temperature in an oxfwriraent is termed the “ temperature 
reaction,” and this is referred to that of water as 100. Thus the tera[)eratur 0 
reaction of the oil will be given by the formula ; 

Rise of temperature with oil x 100 

~ I r if = Specific temperature reaction. 

Rise of temperature with water '■ 


CHEMICAL EXAMINATION OF OILS, FATS AND WAXES. 

Methods are described below for identifying and valuing oils, fata and 
^axes for technical purposes, and for detecting admixture or adulteration, 
^he processes for the separation of the various fatty acids and bases present 
in these complex bodies have not been described, but the methods here given 
Will serve for general technical examination. 
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Determination of the Acid Value. 


755' The Acid Value is expressed by the Number of Milligrams or 
Potassium Hydroxide which are required to neutralise the Free Fatty 
Acids present in One Gram of the Fat or Wax. 


This test indicates the ago and quality of an oil or fat. Freshly prepared 
animal oils and fats contain practically no free fatty acid, and vegetable oils 
usually contain only a small amount, but the amount of free acid is 
increased on keeping by hydrolytic change and oxidation. 

For the estimation about 10 grams of the fat or oil {Note 1), more or loss 
according to its degree of acidity, are weighed accurately into a flask wlrieh 
is fitted with a glass stopper, and 50 c.c. of mirified methylated spir it are 
added {Note 2). 

The flask is now immersed in boiling water, and is shaken for a time to 
dissolve the fatty acid. A few drops of phenol-phthalein are then added, 
and seminormal sodium hydroxide solution is allowed to flow in from a burette 
until a pink colour remains in the liquid after it has been well shaken. Dooi- 
normal alkali solution may bo used if the acidity is very small in amount. 


The Method of Calculating the Acid Value from the above result is indicated 
by the following example : 

3'2o4 grams of a particular sample of tallow required 3’5 c.o. of decinortuid 
potassium hydroxide solution : hence tho free fatty acids present neutralistd 
3'5 X 6'6l “ 19'63 milligrams of KOII, and since tho acid value (A) is the amount 


of KOII required to neutralise 1 gram of tallow, A 


3T) X fl'Gl 
3-254 


6-03. 


If the nature of the fatty acid is known, its percentage may be calculated 
from the following data. 

1 c.c. of Normal KOH = 0*256 gram of Palmitic Acid. 

„ „ „ = 0*284 „ Stearic „ 

„ „ „ = 0*282 „ Oleic 


In this country tho percentage of free acid is usually returned as if it were 
all oleic acid, and the acid in the above sample would be returned as equivalent 


to 3*5 X 0 0282 
3*254 


100 = 3*03 per cent, of oleic acid. 


Note 1. — The presence of mineral acid may be detected by shaking the fat of 
oil with a little hot water and seeing whether the water is reddened by a drop of 
methyl-orange solution. Mineral acid, if present, should be removed before pro- 
ceeding by washing the fat repeatedly with fresh portions of boiling water, and 
its amount is then titrated in the washings as b described above. 


Note 2. — The spirit b purified by allowing it to stand with solid sodium 
hydroxide and then distilling it. Before it is used, any acidity must be neutralised 
by adding a few drops of phenol-phthalein and then cautiously dropping in 
dccinormal potassium hydroxide solution until a permanent faint pink colour h 
produced. 
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The Saponification Value, or Koettstorfer Value. 

756. The Saponification or Koettstorfer Value is the Number of 
Milligrams of Potassium Hydroxide which are required for the 
Complete Sponification of One Gram of an Oil, Fat or Wax. 

The following solutions are required for the process of estimation 1 

(a) Standard Hydrochloric Acid* — A sominormal .solution (29O). 

(b) Alcoholic Solution of Potusium Hy dr oxide. 35 grams of 
potassium hydroxide, which has been purified from alcohol, in a little water, 
and make up the volume of this solution to a litre with alcohol of 0‘81 specific 
gravity, or with purified methylated spirit (Note 2, 755)* Allow the alcoholic 
solution to stand for twenty-four hours, then filter it into a litre bottle. This 
bottle should be closed by a perforated rubber stopper in which is fitted a 
25 c.c. pipette, and a piece of rubber tube closed by a piece of glass rod is 
pushed upon the upper end of the pipette. 

For the Determination weigh accurately about 2 grams of the purified 
and filtered fat (751) into a 200 c.c. flask. Then add 25 c.c. of the alcoholic 
potash solution (b) by means of the pipette attached to the rubber stopper. 
Now attach a reflux-condenser, or a long cooling-tube, to the neck of the 
flask and heat it on the water-bath for about thirty minutes. The 
contents of the flask should iust simmer and should be shaken from time 
to time. 

As soon as saponification is complete, and the ^t has passed into clear 
solution, add 1 c.c. of a 1 per cent, solution of phenol-phthalein and titrate 
the excess of alkali with the standard hydrochloric acid (a). 

Carry out at the same time a blank experiment, in which the same amount 
of alcoholic potash is heated in the same way as in the actual determination, 
and is finally titrated by the same juocess. I’his is necessary in order to 
eliminate all sources of disturbance, such as that due to the presence of carbon 
dioxide. The difference between the amounts of potash used in the two 
titrations is the quantity which is required to saponify the fat. From this 
the number of milligrams of potash which would be required for 1 gram of 
the fat is then calculated. 

In an Actual Estimation with Olive-oil, the following results were obtained 
1 wenty-five c.c. of the KOH solution were added to I ’632 gram.s of olive-oil. After 
saponification 12 c.c. of serainormal hydrochloric acid were required for neutralisa- 
tion. In the blank test 25 c.c. of the alkali solution required 22 ’6 c.c. of the acid 
for neutralisation. Hence the volume of potash solution required for the saponifica- 
tion is 22 -6 -12— 10 ’5 c.c., which contain a weight of KOH in milligrams of 
10-5 X 56-1 . 294-6 

^ — 294-5 ; and 1 gram of the oil would therefore require 

192 2 milligrams of KOH for its saponification. 
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The Saponification Value varies with the nature of the fatty acid 
the lower the molecular weight of the fatty acid-radicle present the greater 
will be the weight of potash required for the neutralisation of a given 
weight of the acid, and the higher tho saponification value. 

The saponification value docs not vary greatly for the same substance, 
but it is afTccted by the presence of free fatty acids which tends to slightly 
increase the value, and by slight differences in the composition of the fats 
which may arise from differences in locality and soil and from other natural 
causes. 

I'he Table in paragraph 993 shows the saponification values of the 
common oils, fats and waxes. It will be seen that waxes are characterised 
by low saponification values, and this fact furnishes a ready means of distin- 
guishing waxes from oils and fats. 

It will also he noticed that the majority of oils and fats have a saponifica- 
tion value which approximates to 193. Deviations from this number are 
characteristic of certain oils, thus while rape-oil and castor-oil have low 
saponification valuo.s, some of the fish-oils and butter possess relatively 
high values. 


Determination of Unsaponipiablb Matter. 

757. The term “ Unsaponifiahle Matter ” is applied to Substances 
which are Insoluble Water and which cannot be saponified by 
Caustic Alkali with production of Soluble Soaps. 

Since oils and fats usually contain only small quantities of unsaponifiahle 
matter, larger amounts of tho samples must be used for this estimation than 
for the determination of the Koettstorfer value. 

The method described below is only suitable for oils and fats, since although 
waxe.s are completely saponified by alcoholic potash, they yield in.soluble 
alcohols together with hydrocarbons which interfere with the results. After 
fats and oils have been saponified, the unsaponifiahle matter usually remains 
di.ssolved in the soap solution, and it only causes turbidity when it is present 
in large amount. This matter may be extracted from the solution by shaking 
it with common ether. 

For the Estimation weigh out accurately about 6 grams of the 
sample, add 25 c. c. of a solution of potassium hydroxide in alcohol contain- 
ing 80 grams of KOH in a litre of alcohol, and evaporate to dryness on a 
water-bath. Dissolve the resulting soap in 50 c.c. of hot water, and transfer 
the liquid to a separating-funnel or to a butter-flask (Fig. 97, p. 345) of two 
litres capacity, using not more than 30 c.c. of hot water for washing out the 
dish. Cool this liquid, then pour in from 25 to 50 0 . 0 . of ether and mix the 
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liquids well by vigorous shaking, adding a little alcohol if the layers do not 
separate readily. 

Then allow the soap solution to flow out fi om below into another separator, 
and shake it again with ether. Now mix the two ethereal solutions, wash 
them well by shaking with a little water to dissolve away any dissolved soap, 
and transfer the ethereal solution to a tared fla.sk. Now distil off the ether 
on the water-bath, and weigh the re,sidue after it has been dried at 100^" C. 
d'he Table (993) amounts of unsapoiiifiable matter which are found 

in a number of normal fata and oils. 


Determination of the Iodine Value. 

758. The Iodine Value is the Percentage of Iodine Chloride 
which is absorbed by a Fat or Wax, expressed in terms of Iodine.— 
The proces.s deserihed below i.s Wijs’ modification of the Jliihl method. 
It depends on the fact that unsat uratod aliphatic compound.s are capable of 
forming additive compounds with the halogens, the extent of this combination 
depending on the degree of unsaturation. Thus oleic acid, which has two 
doubly linked carbon atoms, absorbs tw'o atoms of a halogen. 

It was found, however, that in practice iodine is not itself absorbed by 
such compounds to the extent corresponding to the unsaturation, but that 
iodine in conjunction with chlorine is (juanlitalively absorbed to the full 
extent. Iodine chloride can therefore be trsed as a means of estimating the 
“ saturation value ” of an imsatnrated fatty substance. In the case of oleic 
acid, for example, the reaction which takes place is thus represented j 

C17H33.COOH -h ICI = CKH33ICI.COOH. 

The following solutions are required j 

(a) Wi'js' Iodine Sohdion is prepared by introducing 13 grama of 
powdered iodine into a litre llask and shaking it with about 750 c.c. of 99 
per cent, acetic acid, free from SOj, until solution ia complete, and diluting 
the liquid to a litre by the addition of more acetic acid. 

The exact amount of iodine present in the solution is then ascertained 
by titrating 5 c.c. with the standard thiosulphate solution (b). A slow stream 
of washed and dried chlorine, free from hydrogen chloride, is then passed into 
the iodine solution, until the 5 c.c. require twice the volume of the thiosulphate 
solution wliich was originally required by the iodine solution alone. The 
exact time at which this point is reached may be known by the change in 
colour of the liquid from brown to red, which indicates that the iodine ia 
entirely converted into monochloridc. 
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(b) Standard Sodium Thiosulphate Solution is made by dissolving 25 
grams of the pure lliiosulphate in water and diluting the solution to a litre. 
This solution is apjuoximately decinonnal (332), but requires to bo titrated 
from time to time. 

(c) Approximately Normal Potassium Iodide Solution is made by dissolving 
106 grams of the iodide in water and diluting the solution to a litre. 

(d) Carbon Tetrachloride, which must be of such purity that no green 
coloration develops when the liquid is mixed with potassium dichroniate 
and strong sulphuric acid and is allowed to stand. The formation of a green 
colour would indicate the presence of oxidisable substances. 

For the Estimation the quantity of the sample stated below is dissolved 
in 10 c.c, of the carbon tetrachloride (d), and the solution is placed in a 
stojipered bottle about 500 c.c. in capacity. 

From 015 to O'lB gram of a drying or marine animal oil, 

„ 0'2 „ 0-3 „ „ serai-drying oil. 

„ 0-3 „ 0-4 „ „ non-drying oil. 

„ 0 8 „ 1 „ „ solid fat. 

25 c.c. of (ho Wijs’ solution (a) are then poured into the bottle, and the 
mixture is allowed to stand for an hour in a dark place. In order to avoid 
loss of iodine the stopper of the flask is wotted with the solution of potassium 
iodide (c). 

At the end of the Hour the amount of iodine in the liquid is determined 
by adding 15 c.c. of the potassium iodide .solution (c), 150 c.c. of water and 
20 c.c. of the standard thiosulphate solution (b), and then finishing the titra- 
tion with thiosulphate from a burette, using starch solution as an indicator. 

Note.—\t is essential to the succc.-js of the citimation that not less than ludf 
of the iodine introduced into the bottle should remain in the free state and bo 
found in the final titration, 

A blank titration should now be made at once by introducing into a 
similar stoppered bottle 10 c.c. of carbon tetrachloride, 25 c.c. of the Wijs’ 
solution, 15 c.c. of the potassium Todido solution, 100 c.c. of water, and 45 c.c. 
of the standard thiosulphate solution, and then completing the titration by 
adding the thiosulphate solution from a burette in the presence of starch solu- 
tion. The amount of iodine solution used in the blank exjieriment may requii e 
to be coasiderod in connection with the statement in the preceding Note. 

an Estimation of the Iodine Value of a sample of lard, the following 
results were obtained : 0*312 gram of the lard was dissolved in 10 c.c. of carbon 
tetrachloride, and 25 c.c. of the iodine solution were added. After standing 
for a time 33 4 c.c. of the thiosuli)hate solution were required by the free iodine. 
In a blank titration, 25 c.c. of the iodine solution required 492 c.c. of 
the thiosulphate solution. Now since each c.c. of thiosulphate solution 
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cofrespond to 0'0]27 gram of iodine, 0’312 gram of the lard had absorbed 
^!)'2- 33 4) X 0'0127 gram of iodine, and 100 grams would therefore absorb 

15 8 X 0-0127 X 100 , 

~ 04 3 grams. Accordingly the iodine value of the lard 


0-312 


was 64-3. 


The Iodine Value of an Oil, Fat, or Wax is a constant quantity, but it 
varies with difTerent kinds of fatty substances. It is therefore of great 
importance as a means of identifying the substance. The value docs not 
materially alter with the age of an oil, unless some important chemical 
change has taken place such as oxidation in the case of drying oils and of 
certain fish-oils. 

The Table (993) gives various iodine absorption values and alTords a 
ready means of indicating the class or group in which an unknown substance 
should be placed, 


Thr Reichert, Reichert -Meissl and Reich rut- Wollney 
Values. 

759. This Value is measured by the Number of Cubic Centimetres 
of Decinormal Potassium Hydroxide Solution, which are necessary 
for the Neutralisation of that part of the Volatile Soluble Fatty 
Acids, which distils over when 2.5 or 5 grams of the Fat or Wax 
are heated under the Specified Conditions. 

The Reichert anciReichert-Meissl processes have been already do.scribed 
in the section on butter-analysis (686. 687)- The third process is the standard 
one now adopted in this country for determining Iho volatile fatty acids in 
margarine and butter on the recoiiimeiidatiou of a Joint Committee of the 
(Government Laboratory and the Public Analysts. 

760. Standard Reichert- Wollney Process.— The standard a[)pa- 
ratus, with the dimensions recommended by the Committee, is shown 
in Fig. lOl, page 394. 

Five grams of the liquified fat are introduced into the 300 c.c. flask ; two 
c.c. of caustic soda solution, prepared by dissolving 98 per cent, sodium 
Hydroxide in an equal weight of water, and 10 c.c. of 92 per cent, alcohol are 
added ; and the mixture is heated under a reflux-condenser, connected with 
the flask by means of a T- piece, for fifteen minutes over a bath containing 
boiling water. 

The alcohol is then evaporated on the water-bath, the heating being con- 
tinued until the residual soap is dry. 100 0.0. of water, which have been recently 
boiled for at least ten minutes, are then poured into the flask, and the flask 
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is heated until the soap is dissolved. A few fragments of pumice or pi|;e- 
stern and 40 c.c. of normal sulphuric acid are (hen introduced into the flask, 
whicli is immediately eonnccted with the condenser hy means of a bulbed 
glass tidie 7 ram. in diameter. 

Tlie flask is sujrported on a circular piece of aslestos-hoard 12 cm. in 
diameter, which has a hole In its centre ,^) cm. in diameter, and is heated witli 

Fiu 101. 



a small flame so as to melt the fatty acids. The temperature is then gradually 
raised, and as soon as fusion is complete 110 c.c. are distilled over at such a 
rate as to require thirty minutes for the operation. , 

After tliis distillate has been mixed by shaking, 100 c.c. of it are filtered 
into a beaker, then mixed with 0-6 c.c. of a phenol-phthalein solution con- 
taining 1 gram dissolved in 100 o.o. alcohol, and titrated with decinormal 
solution of caustic soda or baryta. 

A blank experiment is now at once carried out in precisely the same way, 
for which the amount of decinormal soda required should not exceed 0-3 c.c. 
The volume of the decinormal aikaii used in the first titration, less that 



761.J 


THE HEHNER VALUE. 


895 


lequired for the blank experiment, when multiplied by M gives the Reichert 
VVollney number for the fat. 

The number obtained from 5 grams of a fat is not always double that 
obtained from grams of the same fat, still for most practical purposes the 
numbers may be assumed to stand in that relation to one another. In the 
Table ( 993 ) the lower number is shown as R, and the higher number as RM. 

Most of the natural oils and fats contain but small quantities of volatile 
soluble fatty acids, therefore the Reichert number is usually below G o and 
the Reichert-Meissl number below 1. 

The high values shown in the table for substances like butter-fat are due 
to the presence of acids of comparatively low molecular weight, 


TifE Hehner Value. 

761. The Hehner Value is the Percentage of Insoluble Fatty 
Acids and Unsaponifiable Matter present in the Fat or Wax. 

For the Estimation about 3 or 4 grams of the filtered fat (751) accu- 
rately weighed and introduced into a |)orcelain basin 1.3 cm. in diameter ; 
50 e.c. of strong alcohol and from 1 to 2 grams of solid potassium hydroxide 
are then added, and the whole is heated on the water- bath with constant 
Btiri'ing until a clear solution is obtained and the fat is completely saponified 
Saponification is known to be complete when the addition of a drop of water 
to the liquid no longer [)roduces a turbidity. 

The luiuid is now evaporated until it is pasty ; it is then made clear again 
by adding from 100 to 150 c.c. of water, and is acidified by adding dilute 
sul[)huric acid. It is then heated until the fatty acids form a clear oily layer, 
and is filtered through a 10 cm. filter which has been dried at 100° and 
weighed. The filter should be stout enough to prevent the fat from running 
through and rendering the filtrate turbid, and should have been previously 
half filled with hot water. The fatty acids are finally wa,shed on the filter with 
hot water, until the last washing-water does not redden blue litmus-paper. 

The filter with its contents is now placed in a weighed beaker and heated 
&t 100° C. for two hours, and is then cooled and weighed. It is again heated 
for an hour and cooled and weighed, these processes being repeated until the 
difference between two consecutive weighings is not greater than 1 milligram. 

The final result is in any case only an approximation, since the continued 
heating drives off a portion of the more volatile fatty acids and hence causes 
loss of weight, whereas any unsaturated fatty acids present absorb oxygen 
ftnd give rise to increase in weight. 

tiince all natural glycerides contain small quantities of unsaponifiable 
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matter whicli is insoluble in water, the Hehner value is somewhat greater 
than the proportion of insoluble fatty acids. The amount of unsaponilialtle 
matter however is usually so small as to bo negligible, and the value obtained 
for fats and oils is therefore almost identical with the amount of insoluble 
fatly acids. 

The insoluble fatty matter in waxes may consist of insoluble fatty acids 
and insoluble alcohols, this fact and the assimilation of water during saponifica- 
tion may cause the value to exceed 100. The Hehner value therefore is not 
usually determined for waxe.s, other characteristics being of greater value. 

The Hehner value of most oils and fats approximates to 95, butter-fat 
and some other fats being notable exceptions to this general statement as is 
shown in the Table ( 993 ). 


DliTEItMINATION OF THE NeUTKALISATION VaLUE, OR MeAN 
Molecular Weight. 

762. The Neutralisation Number is the Number of Milligrams of 
Potassium HydrOxide which are required to saturate One Gram of 
the Mixed Fatty Acids. 

It Is sometimes desirable to obtain information respecting the coni [aosil ion 
of the esters present in fatty bodies. By the following process the mean 
molecular weight of the fatty acids present may be determined. 

When the saponification value does not exceed 195 ( 756 ) mixed bitty 
acids obtained in estimating the Hehner value ( 761 ) may be considered to 
represent the total fatty acids present in an oil or fat. 

If the saponification number exceeds 200, it is best to determine the mean 
values of the molecular weights of the soluble and insoluble acids separately 

( 763 . 759 )- 

The neutralisation number is obtainetl as is described under the deter- 
mination of the acid value ( 755 )» ^ grams of the fatty acids being 

used for the purpose. 

The Method of Calculation is as follows J 

If M represents the molecular weight in grams of the fatty acids, and 
the number of grams of KOH required to neutrali.se 1 gram of the fatty acids, 

Then M grams of the fatty acids will require 56 grams of KOH for neuti alisa- 
56 

tion, or M ; 66 ; : I : A, and M = - 7 - 

^ . • { 
Or if iJ = the neutralisation number, or the number of milligrams 01 

66 

KOH required to neutralise 1 gram of the fatty acid, then M 
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Determination of the Potassium Hydroxide Equivalent of 
THE Volatile or Soluble B'atty Acids. 

763. If the saponilieation number exceeds 200 , and consequently tlio 
Reichert-Meissl result is above 5 , the volatile fatty acids are pre,sent in fair 
quantity; and since their amount cannot be obtained from the distillate, as 
only a portion is distilled over even in the Reichert process, one of the following 
methods (A, B) may be adopted for estimating the amount of volatile fatty 
acids. It is assumed that the volatile and soluble acids are identical, and this 
is true of ordinary fats. 

(A) Saponifiy 5 grams ot the sample with 60 c.c. of deminormal alcoholic 
potash, and determine the excess of potassium hydroxide by deminormal 
Jiydrochloric acid as is described in the process for determining the saponifica- 
tion value (756)* The amount of alkali used in the saj)onilu;ation is thus 
found and this represents the saponificalion value. 

Now remove the alcohol by evaporation, dissolve the rosiduul soap in 
water, add excess of hydrochloric acid to liberate the fatiy acids, and wa,sh 
these acids with water to remove the soluble fatty aeids as i.s described under 
the determination of the Hehner value (761). Then dissolve the insoluble 
fatty acids in neutral alcohol, and determine their neutralisalion value by 
means of deminormal potash. The ditTcrenco between this value and I he 
saponification value will give the amount of potassium hydroxide required to 
neutralise the soluble or volatile fatty acids, and if the mean molecular weight 
of the butter-fats is known the absolute amount of the volatile acids may 
be calculated. 

Thus in an estimation made with butter-fat, 5 grams of the butter-fat require 
1130 milligrams of KOH for saponification, and the in.'^oluble fatty acid.s rcquiied 
920 milligrams. Hence 11.30- 020 =■ 210 milligrams of KOH were icquirrd to 
neutralise the volatile fatty acids. 

(B) Saponifiy 5 grams of the sample in a flask with 60 c.c. of seminormal 
alcoholic potash, and distil off the alcohol. Dissolve the residual sonj) in 
hoiled water and add sufficient seminormal sulphuric acid to exactly neutralise 
the whole of the alkali taken. The requisite amount of acid should bo deter- 
mined by a blank experiment in which alkali alone is used, the blank being 
carried out simultaneously with the saponification of the fat. 

Now remove the soluble fatty acids by filtration and subsequent wa-shing, 
^8 in Hehner’s process ; the aqueous filtrate and washings should contain 
the whole of the soluble fatty acids in the free state together with potassium 
sulphate and glycerol. 

The amount of potash required to neutralise these soluble acids can be 
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determined by directly titrating this liquid with standard alkali, nsing phenol- 
phthalein as an indicator, and the usual precautions being taken against tho 
presence of carbon dioxide. 


The Acetyl Value. 

764. The Acetyl Value is the Number of Milligrams of Potassium 
Hydroxide which are required to neutralise the Acetic Acid obtained 
by the Saponification of One Gram of the Acetylated Fat or Wax, 

The acetyl value is a measure of the number of alcoholic hydroxyl gioii|).'i 
which are present in the original fatty .substance. In the case of oils and 
fat.s, which consist of glycerides of the fatty acids, only those fatty acids which 
contain hydroxyl groups in addition to the hydroxyl present in the carboxyl 
group can have tho hydroxylic hydrogen replaced by the acetyl group. 

Ordinary fats and oils contain little or no hydroxy-acid, and they accoid- 
ingly give acetyl values which arc rarely higher than 10, unless they have 
been exposed to athiosplieric oxidation. Castor-oil, however, gives the very 
high value of about 100. 

Waxes, on the other hand, contain free alcohols which assimilate the 
acetyl group, and the acetyl number of a wax is mainly due to tho presence 
of this alcoholic hydroxyl. 

Lewkowitsch finds that free fatty acids react upon one another in such a 
way as to increase the acetyl value, and he accordingly acotylates the original 
fat or wax instead of tho fatty acids. He directs tho following procedure s 

Boil 10 grams of the substance for two hours with twice its weight of 
acetic anhydride in a round-bottomed flask connected with a reflux-condenser. 
Pour the resulting mixture into a largo beaker containing 500 c.c. of hot 
water, and boil for half an hour, passing a slow current of carbon dioxido 
through the solution to prevent bumping. Then allow the mixture to stand 
and separate into two layers, draw off the water by means of a syplion, 
and boil the oily layer with three successive portions of fresh water. 

All the free acetic acid should bo removed by this treatment, and tliis is 
proved by the last portion of washing- water giving no acid reaction to litnuis. 

Now sepaxate the acetylated fat from the water, and remove the last 
traces of water bypassing the liquid fat through a dry filter-paper, and then 
heating it in a drying-oven. 

Weigh accurately from 2 to 5 grams of this acetylated fat and saponify 
it by treatment with a measured volume of standard alcoholic potash as is 
described in the estimation of the saponification value ( 756 )* Evaporate the 
soap solution nearly to dryness to expel the alcohol : then dissolve the 
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residual soap in water and add an amount of standard sulphuric acid which is 
exactly equivalent to tlie alkali used for saponification. 

Now wartn the liquid gently until the fatty acids separate as an upper 
layer. Syphon off the aqueous solution through a wet filter, and wash the 
fatty acids with hot water until the washing-water is no longer acid. Finally 
titrate the filtrate and washings with decinormal alkali, using phcnol-phthalein 
as an indicator. From the number of c.c. of alkali used, the number of 
tnilligrams of KOH which wore required for the removal of the acetyl from 
1 gram of the fat may be calculated. 

If the fat or oil contains volatile or soluble fatty acids, the value obtained 
by the above procedure would include the alkali value of the volatile fatty 
acids. In order to find the true acetyl value in such a case, it is necessary 
to determine the amount of alkali which is required to neutralise any soluble 
fatty acids which were present in the original substance ( 763 ), and to deduct 
this frotu the quantity obtained above. 


Kstimation of Mineral Oil in the Presence of 
Saponifiable (>iu 

765 * Fhe separation of mineral oil depends upon the treatment with caustic 
alkali which saponifies only the fatty oils, the unsaponifiod mineral oils can 
then be extracted by treatment with petroleum spirit. 

Weigh out accurately 10 grams of the oil into a 2tX) c.c. “ resistance- 
glass ” flask. Add 10 c.c. of a 50 per cent, .solution of NaUH and 50 c.c. of 
alcohol, boil the mixture for thirty minutes in a flask connected with a reflux- 
condenser and then allow' it to cool. Now transfer the solution to a sej)arator, 
and shake it with petroleum spirit which boils below 80° C. 

Allow the lower aqueous solution to flow off into another separator and 
again extract it with fre.sh petroleum spirit. Mix the two spirit solutions 
and wash them with 50 per cent, alcohol to extract any dissolved soap ; then 
pour the wa.shed petroleum spirit into a beaker, allow' it to stand covered 
for a few minutes to allow any water to .settle, and decant the spirit into a 
tared flask. 

Finally distil off the spirit, dry the residual mineral oil at 100° C., and 
'^’eigh it. 


Estimation of Sulphur in Fuel Oil 
766 . The presence of sulphur in oils used for internal combustion engines 
'dqectionable. The sulphur may be determined in the oil by the bomb- 
'^alorimetcr ( 550 , b), but cxce.s3 of bromine- w'ater must bo added to the 
rinsings from the bomb to convert some HjSO^ into IT^SO| before the liquid 
is bulled or precipitated. 
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REMARKS ON THE SCHEME AND THE RESULTS OF THE 
EXAMINATION OP OILS. PATS AND WAXES- 

767 . The scheme for the examination of a specimen of an oil, fat, or wax 
by the preceding processes varies somewhat with the object for which i( is 
undertaken. 

If the quality and freslinoss of the sample are under consideration (hi! 
acid value should be determined, and this number, together with the smell 
and taste, enables an opinion to be formed. 

If adulteration by the admixture of cheaper oils or of mineral-oils is sus- 
pected, the saponification and iodine values should be determined. 

If a mixture of several oils is being dealt with, how over, the problem is 
more difficult and is sometimes not capable of being solved. 

A few hints are given below as to procedure, and are illustrated by some 
simple examples. 

The observation of the consistency, colour, odour, and taste of a bitty 
substance wfill in many cases assist in the formation of an opinion, 'hlie 
smell is developed when the substance is gently warmed. Many kinds of 
oil possess a distinct colour and smell, and the samjile under examination 
should be compared in these raspects with a fairly representative sample. 

In ascertaining the nature of the less valuable adulterating oil, wliicli has 
been introduced for the purpose of lowering the cost of a high-priced oil, the 
following table compiled by Lcwkowitsch will bo of assistance. The most 
costly oil, fat, or wax is placed at the head of the table, and those whiil) 
follow are placed in the order of their decreasing value. The relative order, 
however, is liable to bo disturbed by the alterations in market price. 


Oils, including Liquid Waxes. 


1. Almond. 

2. Sperm. 

3. Olive, 

4. Neat’a-foot. 

5. Lard. 

6 . Cod- liver. 

7. Arctic sperm. 

8 . Arachis. 

9. Poppy-seed. 

10. SesamA 

11. Seal. 


12. Rape. 

13. Castor. 

14. Cotton-seed. 

16. Maize (corn). 

16. Linseed. 

17. Whale. 

18. Cod. 

19. Japan fish. 

20. Mineral. 

21. Rosin. 
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Fats ano Waxes. 


1 . Cacao butter. 

2. Buttcr-fat. 

3. Beeswax. 

4. Carn.Tuba wax. 

5. Chinese wax. 

6 . Lard. 


7. Cocoa-nut-oil. 

8 . Palm-nut oil. 
0. Tallow. 

10 . Para (I'm wax. 

11 . i’alin-oil. 

12 . Bonc-fat. 


If a substance under examination is a known fat or oiJ, the properties and 
values given in the Table ( 993 ) should bo consulted, and the values obtained 
in the examination should then be compared with those given in the Table. 
The tatty acids are then examined if necessary. 

A few examples are appended to help the beginner. 


Examples op Examinations of On.s and Fats. 

768 . Estimation of Saponifiable and Unsaponiflable Oils in Machinery Oil. 

Ascertain tir.st the proportion of each class of oils present by the method 

described in paragraph 765 , which will determine the percentage of mineral 
oil directly and the saponifiable oil by dilferenco. 

Since the amount of saponifiable oil will bo small, it is probably better to deter 
mine the saponification value ( 756 ) and to calculate the amount of oil from the 
as.sumption that the fatty acids have mean molecular weight of 193. 

The saponification value in an oil was found to be 20'2. Hence the percentage 
of fatty oil is found by the statement 193 : 20'2 : : 100 ; .r, 

whence X'=> 10 ‘46 per cent, of fatty oil. 

In order to ditirmine the character of the oil, the urmponifiablo oil wa.s 
removed ( 765 ), and the fatty acids were liberated and weighed ( 761 ). 10'06 
per cent, of fatty acids were found, corresponding to 10 03 of fatty glycerides. 
The mixed fatty acids gave the following re.sults ; 

Iodine value . . . . . . 78 '8 

Neutralisation value by KOII . . . 199 

Both the io<lino and the neutralisation values (993) indicate the presence of an 
animal oil, probably lard-oil, and therefore the absence of vegetable oils such as 
colza-, cotton-seed-, or castor-oil. 

769. Estimation of Neutral Fat and of Free Fatty Acids in a Sample of 
partly saponified Tallow. 

In the technical saponification of fats by superheated steam, it is frequently 
'^'^cossary to ascertain the extent to which saponification has proceeded. 

A specimen of an autoclaved tallow gave tho following results ; 

Saponification value of the tallow . 203 0 

Acid value 162 '2 

The difference, 203 - 102-2 - 40 8 , corresponds to the neutral fat left un- 

26 
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saponiliod. Honce, assuming that 195 is the saponification value of neutral 
tallow, the percentage of neutral fat is found by the following statement : 

195 : 40-8: : 100 : .r, whence .r - 20-92, or 21. 

Hence the percentage of neutral fat in the treated tallow is 21. and the per- 
centage of free fatty acids is 100-21 — 79. 

770. Estimation of Free Fatty Acids and Neutral Fat in a Mixture of Fatty 
Acids derived from one kind of Fat and mixed with Neutral Fat of another kind 
in this case tlie fatty acids must bo determined gravirnetiically. About .1 
grams of the sample are accurately weighed and dissolved in hot alcohol, pheiiol- 
phthaleiu solution is added, and the fatty acids are neutralised by adcMng dciiii 
normal standard alkali .solution until the liquid just becomes of a pink colour. 
'I'lifi liquid is now allowed to cool, and is then diluted with an equal volume of water 
and shaken with petroleum ether as is described in paragraph 757. The atpieous 
layer is now drawn off. The remaining ether solution is repeatedly washed with 
w'ator, the ether is distilled and the re.sidue of neuti.al fat is weighed. 

The fatty acids .are now separated from the above aqueous layer by means of 
ndneral acid, and their weight is determined as is described under the Iblimr 
value (761). Their mean molecular weight may then be calculated (762), and 
the mean moleeidar weight of the fatty acids in the neutral fat may be found .dti r 
saponifying the fat ami isolating the liberated fatty acids. 

If th(^ mean mohsndar weight of the free fatty acids is lj;n()wn, their quantily 
could be found, without weigbing them, by calculation from the known quantily 
of demitiormal KUH solution wdiich was used to neutralise the. frc'C fatty acids. 


771. Examination of an Edible Oil. -The following numhers were found fy 


analysis : 

Acid value 3-2 

Saponification value 19()-1 

Iodine value . . . . . . . lOO'S 

Unsaitonifiable matter, pereentago . . 0 82 


As the sample is practically completely saponifiable it cannot belong to the 
ra])e-oil group of oils. Its iodine value points to the presence of cotton-seed-oil. 
and the free fatty acids correspond to I '6 per cent., taking the mean moh'ciilar 
weight as 182 (762). 

772. Examination of a Mixture of Two Oils.— The following examule, sold 
as olive-oil, gave on analysis the following numbers : 


Acid value . . . . . . . .3*2 

Saponification value ...... 1901 

Unsaponiliable matter, percentage . . , 0 82 

lodine-value 93 


The iodine value is too high for olive-oil, and the oil is ytrob.ably a mixtiiK'- 
Oils of the rape-oil class are excluded by the saponification value (993). Almond- 
oil is excluded by its higher price. The iodine value suggests the presence of 
cotton-seed-oil, and its percentage may bo calculated from the iodine values. 
If X, y =“ the percentages of olive-oil and of cotton-seed-oil, then x + 109- 

Taking the iodine value of cotton-seed-oil as 109, and the iodine value of 


85 X 

olive-oil as 85, wo have , - + 


109^y 

lOQ 


93, whence x «- OB'S per cent, of olive oil. 



PART V. 

ORGANIC ANALYSIS. 


SECTION xrri. 

CARBON AND HYDROGEN BY COMBUSTION. 
NITROGEN BY COMBUSTION AND BY KJELDAHL 
PROCESS. 

OTHER ELEMENTS BY COMBUSTION. 


780. Introductory Remarks. —This soctiori (roats of (hn general and 
typical methods employed for the ultimate analy.sis of orp/mic substances and 
for the determination of their molecular weigh t.s. 

Carbon and hydrogen, the most common constituents of an organic 
compound, are estimated by burning a known weight of the organic substance, 
and determining separately the weights of carbon dioxide and of water which 
are thus produced. There is no simple method for directly c.stimating with 
accuracy the proportion of oxygen prc.scnt, but this is usually calcuhited by 
difference after the percentagc.sof all the other constituents have been found. 

Several methods for determining nitrogen are described. The estimation 
is an important one, not only for scientific purposes but also in connection 
with the analysis of manures and of agricultural products. 

Methods for estimating the halogen elements, as well as sulphur and 
phosphorus, are also described. 

A large number of other elements may be present in organic compounds. 
As a rule the ordinary methods of estimating these elements in their inorganic 
compounds, which are described in the earlier part of this book, are directly 
or indirectly applicable to their determination in organic substance. 


Estimation of Carbon and Hydrogen in a Solid 
Organic Substance. 

781. Organic Combustion Process. — The method pursued is a modi- 
fication of that first described by Liebig. It consists in heating the 
403 
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organic substance to redness with copper oxide, whereby its hydrogen is con- 
verted into water and its carbon into carbon dioxide. These products are 
absorbed by calcium chloride, and by soda-lime or potassium hydrate solution 
respectively. 

In the method now commonly in use, the “ combustion ” of the oiganio 
substance, and the removal of the products of combustion, are issivslcd by 
passing a current of air or of oxygen through the combu.stion-tubc. 

The following apparatus and materials aro required for an organic combu.s- 

tion j 

782. Apparatus for Purifying the Air and Oxygen used in 
the Combustion.— This apparatus (Fig. 102) is in duplicate, with the 
exception of the U-tubo (cc) and the flask {d). The front wash-bottle (a) 
and the eprouvettes {h) aro used for purifying air, and the corresponding 
vessels behind them aro used for purifying oxygen. The wa,sh-botiles (aj 
are connectcrl respectively with supplies of air and of oxygen under pressuic. 

Fio. 102. 



Absorption Apparatus. 


Either air or oxygen, or a mixture of both, may therefore be ])assed in a 
purified condition into the combustion-tube, by suitably adjusting the clainpft 
between the eprouvettes and the U-tube (c c). 

BothThe air and the oxygen finally pass through the U-tube (c) and the 
flask {d) on their way to the combustion-tube. The air is usually passed 
from a gas-holder. The oxygen may bo transferred to a gas-holder from & 
steel cylinder charged with the compressed gas and provided with a regulator 
for reducing the pressure : the gas will be moist, but will be more under contro' 
than if it is supplied directly from the steel cylinder. 

The two wash- bottles (a) contain strong sulphuric acid, and serye to 'b 
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the gas passing tlirongli llicnn : the eprouvettea (6) conlain granular scrla- 
lime, which absorbs the cai bon dioxide. Any trace of moisture is siibse{pi('ntly 
removed during the passage of the gas through the calcium cliloride in tlie 
U-tubo [c c). Tlie flask (d) contains strong sulphuric acid and indicates the 
speed of the current of gas which is regulated by the stop-cock (c). 

The apparatus is titled up as is sliown in Fig. 102. Either rubber 
stoppers or sound corks are used ; the tops of the corks are cut off level 
with the tube, and the ends arc brushed over with melted parafiin wax. The 
wash-bottles (^<) and the flask (d) are ojie-third filled wit h pure strong sulphuric 
acid. The lower chambers of the eprouveftes [h] contain broken glass, and 
the bodies of these vessels are charged with granular soda-lime. The U-tube 
(c) is filled with granular calcium chloride, a plug of glass-wool being inserted 
in the top of each limb. 

783. A Combustion-furnace.— Of the many forms of gas combus- 
tion-furnace in use, Erlcnrncyer’s (Fig. 108, p. 422) is pcrlia[)3 the most 
convenient. Part of a Glilser furnace is shown in Fig. 102 (p. 404). A 
sheet-iron or fire-clay trough, lined with a thin layer of asbestos, should extend 
down tlic iuteriof of the furnace, and tho combustion-tube is laid in this 
trough. . 

784. The Combustion-tube.— Cut off a piece of comlusrion-tubing, 
about 1-5 cm. in internal diameter, and long enough (0 project about 2*5 cm. 
from each end of tlio furnace. Round off the sharp edges at each end of this 
tube by fusing them in the blow^-pipo flamo. ' As soon as tho glass is cold, 
cleanse tho interior by washing it with a long-stemmed lube-brush in a stream 
of water, or by attaching a plug of cotton-wool (0 the middle of a piece of 
string about 5 feet in length, and drawing the wetted plug up and down tho 
tube ; thclri rinse the tube well in a stream of water from the tap, and d;; it 
by heat. 

785 - A Glass Plug to prevent Diffusion is shown at d in Fig. 103 
(p. 407). This is made by drawing off about 2 cm. of a glass tube or r(-'d, 
which just passes into the combustion-lube [Note), The narrow portion is 
cut off about 1*5 cm. from the shoulder, and tho end is bent round into the 
form of a loop, or a Icoj) of plalinum wire is fused into tho end. Tliis loop 
enables tho plug to bo withdrawn from the combustion- tube by means of a 
piece of hooked wire. The partial closure of the tube by this plug during the 
process of combustion causes tho air-sticam to move with greater velocity 
at this point, and thus prevents the backward diffusion of the products of 
combustion into the purifying- tubes (782). 

An additional melliod for preventing diffusion consists in admitting air 
and oxygen into the combustion-tube through a tube which is only one 
milliaietre in bore, 
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Xolj'.~ ~An 8 cMii. oyliiiflcM- of tightly coiled oopper /[^arize tuny toko the pi too 
< f the glass ping. 'I'lie cyliiidof should lit the conihustion tube, and should have 
been repeatedly hoale<l in the hlow-pipo flame anti cooled in the air so as to he 
fiuperlieially oxidised. It is placed in the tube and maintained at a red heat to 
burn any organic vapour which may diffuse baekward.s during the combustion. 

786. A Platinum or Porcelain Boat is shown at e (Fig. I0;j, p. 407 ); 
this boat must be of sucli dimension.s that it can be readily jtusliod into the 
eoinbustion-tiibo. A platinum boat may citlu'r be piircliiised or may be made 
from })Ialinum-foil. 

787* Copper Oxide.— Tlie copper oxide must be jtrepared l)y the direct 
oxidation of metallic copper ; it is usually made by roasting short lengths of 
copper wire in a current of air. If the oxide hao been prepared by the 
ignition of cop[)er nitrate it often evolves oxides of nitrogen when it is 
heated, and sucli oxide is quite unsuitable for use in organic combustion. 

788. A Silver Coil and Copper Coil.— A cylindor 8 cm. in length, 
wliich just pas.ses into the combustion-tube, is made by tightly coiling the 
metal gauze or sheet (Fig. 103 , g), 

Tlie copper coil (809, d) should always be used if the substance to be 
burnt cotUains nitrogen, and the silver coil when the substance contains a 
halogen element. 

At a red heat the cojiper deoxidises any nitrogen oxide, and the silver 
rebilii.s any halogen which is evolved during the combustion. These gases 
would otherwise bo retained in the absorption-tubes, and would give I'ise 
to error in tlie carbon and hydrogen determinations. 

789. Calcium Chloride Absorption- tube.— The tube h (l^’ig. 10:i). 
which is intended to aUsorb the aqueous vapour evolved during the combus- 
tion, contaias granular calcium chloride (I77)» through which C()2 has been 
pas.sed if nccess .ry until its solution is neutral to test-paper (Note, |). 107 ). 

The bulb nearest to the combustion-tube is empty, and serves to condense 
much of the water-vaponr which is produced (Note). 

The other bulb and the two limbs of the U*tube are nearly filled with the 
calcium chloride, after a small plug of glass-wool has been placed at the top 
of the Kceond bulb in order to prevent the calcium chloride from passing into 
the narrow tube above. 

A second plug of gla.ss-wool is then placed in the other limb of the tube, 
in order to prevent paiTiides of calcium chloride from entering the small side- 
tube. The straight limb is either closed with a well-fitting cork, whicli is 
cut off level with the top of the tube, and is then brushed over with melted 
paraffin wax ; or the ends of the tube are 4rawn off in the blow -pipe flame 
and are thus permanently sealed (a, Fig. 104 , p, 408 ). 
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Note.-Tho greater part of the water which is produced during tlie coiubu.stion 
collects in the empty bulb, and is emptied out after each combusliou .as soon as 
the tube has been weighed. 'I’he calcium chloride in the tube is thus prevented 
from becoming rapidly saturated with water, and serves for many combustions 
without being renewed. 


790. Soda-lime Tubes.— The.se tube-s [i, j. Fig. 103) are intended to 
absorb the carbon dioxide which Ls formed during the combii.sl ion. Three- 
quarter.s of each tube from one end is filled witli granular soda-lime, the re- 
mainder of the space being tilled with granular calcium chloride. Theinlet- 
and outlet- tubes are loosely closed by plugs of glass-wool. The preparation 



Organic Combustion with Oxygen. 

of similar absorption-tubes, which has been already deseriljed in paragraphs 
I77» 178 . ■■^bould be leferred to. 

All tubes and vessels containing absorbent material must bo closed from 
the air except when they are in actual use or are being weighed. 

Potash-bulbs. Tl)irty-throe |)er cent. pot.a.ssium hydrate solution may be used 
instead of soda-lime as an ahsorbent for tho carbon dioxide. The solution may 
be introduced into a bulb-tubo of the Liebig or the Cleksler pattern. The liquid 
absoibcnt presents the advantage over soda-lime of serving as a gauge, since the 
late at whicli tho current of gas is pas.sing may be aseortained by eounliiig the 
ubbles as they pas.s. A guard-tube containing granular calcium chloride must 
e attached to the further end of the bulb apparatus, and must bo weighed with 
It. This tube prevents moisture from being carried away from tho potash-bulb-* 
during the combustion. 

Ihe Geissler bulbs with their calcium-chloride tube are shown in Fig. 104 {h ) : 
t ley take the place of tho U -tubes (1 and j) in Fig. 103. A second larger calcium- 
11 oride tube (c) is attached to the’small tube in order to prevent its contents from 
a i-iOibing moisture from the atmosphere, this is removed during the weighing, 
le potash- bulbs should as a rule be recharged after they have been used twice. 

791- The Combustion Apparatus is fitted up as follows : About 

ihirdf, of the combustion-tubo ( 784 ) are filled with granular copper 
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oxide (787), tlio oxide bciiii' compactly shaken together (/, Fig. 103). I’he 
oxide may be kept in its place oy means of coiled cylinders of copper-gau/o 
placed before and behind it; each of these cylinders is made by tightly 
coiling a strip of copper-gauze, and is about 2*') cm. in length and of 
diameter that it just passes into the combustion tube. 

Sufficient space must be left in the tube for the insertion of the coil {g), 
the boat («), and the diffusion- plug (d). 

The tube is now laid on the asbestos in the iron trough of the combustion- 
furnace, with its ends projecting about 3 cm. from the furnace, and j)crfoi aled 
discs of sheet-iron or of asbestos millboard are pushed upon the ends of the 
tube in order to protect the corks from the heat of the furnace. 

The metal coil {788) is then introduced (g). 

Two rubber corks are now selected to fit the ends of the combustion-tube. 
One cork is perforated to receive the glass lube of millimetre bore {785). it 

Fio. 104. 
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is then inserted into the empty end of the combustion-tube, and the glass tube 
is connected by means of rubber tubing with the purifying apparatus (782)- 

'Phe other cork is perforated to admit the bulbed tube at the end of the 
calcium-chloride tube (789), and this tube (ft) is inserted so as to project 
through the cork about 0-3 cm.; the cork is then pushed into the other end 
of the combustion-tube. 

The soda-lime tubes (i, j) are then connected in succession with one another, 
arid with the calcium-chloride tube, by moans of rubber joints, the soda-lime 
in each of these tubes being in the limb which is nearer to the tube (ft). The 
glass tubes are madQ,to touch one another within the rubber joints, and arc 
bound with copper binding- wire if the joiPQ are not air-tight. As h.as been 
already explained, the potash-bulbs with guard -tube (Fig. 104) may take the 
place of the soda- lime tubes. 

792. Now proceed to heat the Combustion-tube, containing the 
copper oxide and the metallic coil, to redness for at least half an hour 
with a current of purified air passing through it, in order to remove all com- 
bustible matter and moisture; and if the copper oxide has not been recently 
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used in the lube for a combustion, it i.s best to prove tlmt il.s contonls me tu. 
!on ^cr evolving carbon dioxide or .steam, by attaching I lie weighed absoiptioii- 
tubes (h, i, j) and continuing the process of heating the o.xide in tlie air- 
current foi' another lialf-hour. The tube.s are then reweighed, and should 
have undergone no increase in weight during the process. 

For this purpose weigh the tube {h) without its rubber caps or connections. 
As soon as the weighing is finished, slip a little rubber tube closed with 
a piece of glas.s rod upon each of its end.s, so as to prevent acce.ss of 
atmospheric air. Then weigh the tubes (t) and (/) separately, and immediately 
rlosc them with similar caps, unless they are .so constructed that by turning 
their stoppers contact of the soda-lime with the air can be prevented 

(178)- 

Now connect these tubes with one another, and with the combiistion-tuhe 
as is shown in Fig. 103, and regulate the speed of the current of air passing 
through the apparatus until the bubbles follow one another through the 
sulphuric acid {a, Fig. 102 , p. 404) at such a rate (hat they can be easily 
counted. 

Remove the absorption-tubes after they have been in connection with 
the combustion-tube for half an hour, and again weigh them. If any one 
of them is found to have increased in weight more than a few milligrams, 
the above test must be repeated. 

It will be understood that the above process of preparing and testing the 
combustion-tubo and copper oxide need only be .applied when a new combustion- 
tube and its contents are used, or when the tube has been laid aside for some time. 
A series of combustions may ordinarily succeed one another without any such 
testing being necessary. 


793- Practice in the Combustion Process weigh out 
accurately into the boat about 0*25 gram of pure crystallised cane-sugar, 
wliicli has been recently dried in the steam-oven. 

Then connect the parts of the apparatus together (79I)> in the boat 
containing the sugar and the diffusion-tube, and ascertain that the whole 
is air-tight ( 180 ). 

The silver and the copper coils ((/) may bo omitted in tlii.s case, sinc(i .sugar 
contains no nitrogen or halogen. 

Now heat the copper oxide (/) to redness, being ca cful to avoid heating the 
boat and to protect it from radiated heat by a siuali screen. Start a slow 
current of air through the tube, allowing the bubbles to pass at such a rate 
tnat they can bo easily counted. Then extend the heating to the boat ve’’y 
!t''adually, so as to avoid a rapid evolution of gas and vapour from the sugar, 
bbe sugar will bo slowly burnt away. 



OnOrANIC ANALYSTS. 


[ 701 , 


110 


A current of oxj^f^en may be made to mingle with or replace the air-current, eillioi 
throughout or towards the end of the process, in order to facilitate the complcfi' 
burning of the .substance ; but a current of air must linally be used to replace tin- 
oxygen from the absorption-tubes before they are weighed. 

As soon as the whole of the sugar is burnt, the current of air is allowed to 
pass .slowly for fifteen minutes in order to Sweep out the carbon dioxide and 
steam from the combustion-tube, and to rcoxidi.se the metallic copper uliidi 
has been formed by the reduction of the copper oxide. 

If any water condenses in the end (</) of the combustion-tube, it may 
usually be removed by shifting the screen on the end of the combustion-lube, 
so as to allow the tube to become gently heated while the air-current is passing. 
'J'be watei’ must be all transferred by evaporation in the air-current to (lie 
calcium-chloride tube in this w'ay. 

The ab.sor{)tion-tubes arc then detached from the combustion-tube ancl 
from one another, and their contents are at once shut off from contact with the 
atmosphere. After they have stood for half an hour near the balance-case, 
in order to gain the temperature of the air, each tube is weighed separately. 

The increase of weight of the calcium-chloride tube (//) gives the weight 
of water which has been produced by the combu.stion of the sugar, and from 
this the weight of hydrogen in the sugar can be calculated. The increa.se of 
weight of the soda-lime tubes (t, j), or of the potash-bulbs with their guard- 
tube, gives the amount of carbon dioxide which has been produced by the 
combustion of the sugar, and from this the weight of carbon in the siign 
can be calculated. 

The smaller .soda-liim; tube (/) serves as a “ guard-tube.” If its weight increases 
during the eoinbuslion, either the contents of the first tube (i) are not absorbing 
carbon dioxide satisfactorily and require to bo replaced by fresh soda-lime, or the 
combustion has been carried on too rapidly. In either case the guard-tube will 
jwobahly have prevented the loss of any carbon dioxide which has passed throngb 
the lirst .soda-lime tube. 


794 . The Method of calculating the Results from the weiglds 
which have been obtained by an organic combustion is shown below: 

Example.— In a particular eombinstion, 0 4739 gram of pure sugar 
burnt. 

The caleium-chloride tube, which weighed 48'769 grams before the combustion, 
gained 0'27()3 gram in w'eight by ab.sorbing the water formed during the {)roces.s. 

The soda-limo tube, which weighed r)8’489l grams before the combustion, 
gained 0'73l gram in weight during the process. 

0-2763 

Therefore the weight of hydrogen in the sugar = — ^ — = 0 0307 * 

0-731 X 3 


And the weight of carbon in the sugar 


11 


0-1994 gram. 
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0-0307 X 100 

Accordingly tho porcentago weight of hydrogen == — Q. 47 ^,, = ^ '^7 : 

0-1904 X 100 

And the percentage weight of carbon = “ 42 08. 

Calculating the weight of oxygen by dillercnee, and comparing the percentage 
results found with those calenlaUM from tho formula for cane -sugar, C|jr.,.,()jj, 
the following statement is the result: 



Theoretical. 

Found. 

Error 

(Ur bon . 

. ! 42-10 

42-08 1 

-0 02 

Hydrogen 

6-43 

6-47 

-f- 0 04 

Oxygen . 

. 1 61-47 

61-46 

- 0-(32 


Ah>/c. — It may bo remarked that, owing to the didiculty of removing moisture 
entirely from tho substance and from the apparatus and tho materials used for the 
combustion, the percentage of hydrogen which is obtained is usur.lly somewhat 
too high : whilst the imperfect drying of the .substance and a slight loss of carbon 
dioxide tend to make the percentage of carbon too low. 

795 . Any Incombustible Mineral Matter which is present in an 
organic substance will remain as ash in the boat. Its weight may be deter- 
mined by weighing first the boat containing the ash, and then lire empty 
boat, 

796 . The Presence of Nitrogen in the organic substance leails to 
the formation of nitrogen oxide, which would be taken up in tho absorption- 
tubes. To obviate tliis source of error, a copper-coil ( 809 , d) is kept at a red 
heat in the front of the combustion-tube (Fig. 103, p. 407), and decomposes 
any nitrogen oxide whicli is produced. The copper oxide and the coi)por- 
coil are lirst heated to rednes.s, a slow current of air is then pa.s.sod as soon 
as the combustion is started, and the combustion of the charred substance 
is finally completed in a current of oxygen, 

A more satisfactory method consists in absorbing any nitrogen oxide by the 
following mixture : A strong solution is prepared from KgCrO^ mixed with one- 
tenth its weight of Kj^CrjiO^; this is made into a thick paste with precipitated 
manganic hydrate, and the mixture is heated until it Is dry. About 13 cm. of 
the front of the combustiou-tube is tilled with this granulated mi.vture; it is 
always heated to rednc.ss while the preliminary current of air is pas.sing through 
the tube, and is maintained at a temperature of about 200 '" U. during the process 
of combustion. 

797* The Halogen Elements present in an organic substance are 
also evolved during the combustion in a condition in which they may remain 
ttt the absorption-tubes. They should be completely absorbed by causing 
them to pass over a red-hot silver coil ( 788 ) placed in the tube (Fig. 103, g}t 
The halogens may also be dealt with as follows 1 
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(Substances which contain Cl, IJr, f, S, and P are usually mixed with i»o\\ (t ml 
lead chromate wiiich has been fused, instead of with copper oxide, and the fiont 
part of the combustion-tube is filled with granulated lead chromate itistrail 
of granular copper oxide {791). In the fore-part of tlio tube a reduced eopper 
coil (809, d) is placed, and in the hinder portion an oxidised copper coil (785, 
Note). The tube and its contents are dried by heating tliera only to dull red- 
ness while a current of dried air is passing ; the chromate must not be fused in 
this process. 

The powdered .substance, mixed with about six times its bulk of recently hen ted 
powdered chromate, is introduced into tho cold tube. The oxidised copper cuil is 
then in.sci tce, the reduced copper coil is placed in the fore-part of tho tube, and (hr 
combustion is carried out in a slow current of air. Tho main portion of the clinunalt) 
is heated to dull redness, while about 10 cm. of it nearest to tho front cop|ier loil 
are kept comparatively cool. As soon as the substance is completely elmiiod, :i 
current of oxygen may be passed to complete tho combustion. 

798. A Volatile Solid Organic Substance rccpiires to bo burnt mmli 
more carefully than a non-volatile body like sugar. A clieck against baek\v:iiil 
dillmsion of vapour (785) should bo u.sed, and the substance must only bo iiilio- 
duced into the rear of tho combu.stion-tubo after tho front part of the tube liiif 
been heated to redncs.s, and must tlien be heated very slowly. 


Combustion of a Liquid Substanck or Oas. 

799. A Liquid Organic Substance which is not very volatile or liyji'o 
scopio may be weighed in the boat and burnt in the usual way. Oi’ it itiyv 
be weighed in a small glass lube which is sealed at its lower end, inid 
this may be loosely closed by a stopper consisting of a small piece of 
rod flattened out at the top (Fig. 127 6, p. 483): this tube is placed in 
boat, and the boat is pushed into the combustion-tube. 

800. A Volatile Organic Liquid is weighed in a little tube with a 
capillary opening, and this is introduced into the combustion-tube. 

The little tube is made by drawing out a short piece of glass quill-tubing iido 
capillary bore in two parts about O’O cm. apart. One of tho capillaries is Ik' '' 
drawn off close to the short piece of tube so as to seal it, and tho other capill ny' 
tube is broken off about 3 cm. from tho sealed tube (Fig. 127 a, p. 483). 

Before the capillary-tube is broken off, tho little i»icco of closed quill-tube into 
wliich it opens may bo expanded into a bulb by heating it to redness while it 
being constantly rotated in the flame and blowing down the open tube. 

The empty tube is first weighed. The liquid is then introduced into it 
in suitable quantity, by heating the tube and allowing it to cool with tbo 
end of the capillary immersed in the liquid. The end of the capillary-tube 
is then sealed in the flame, and the tube is weighed again. Its gain in w <- iglit 
will give the weight of liquid which has been taken. 
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A slight scratch with a file is made near the end of the capillary in order 
that it may be easily broken oIT, and the end is broken off and placed togellier 
with the bulb in the boat just before the boat is pushed into the conibustioii- 
tuhe. Backward didusion must be specially guarded against (785, 798). 


Fro. 105. 


801. A \e:y Volatile Substance sliould bo weighed in a special 
lube, from which it may be allowed to c.scapc as valour into the combusli,))!- 
tiibe while the liquid is itself onlsido the furnace. 

A cpnvenient form, which is readily made from a piece of ordinary 
glas.s tubing, is shown in Fig. 105. 

The tube is first weighed, and 
is weighed again after the liquid 
has been introduced and both 
ends have been tealcd. It is then 
placed cither in a disli of cold water, 
or in ice and salt, according to the 
degree of volatility of the li<iuid. 

When the combustion-tube has 
been heated to rednc.ss the hori- 
/oiiial end {a) of the bent tube is 

o])oncd, and is at once pushed through a hole in the cork of the combustion- 
tube into which it must fit tightly. 

The liquid is then allowed to rise in temperature and evolve its vapour, 
which will pass into the combustion-tube and bo burnt. As soon as the 
liquid has volatilised, the upright end (b) of the tube is snapped olT, and air 
or oxygen is passed through the tube (793). 
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802. Gaseous Organic Substances arc burnt by passing them in 
known volume through the combustion and ahsorplion apparatus which has 
been described for solids (791)* 


Kstjmation of Nitrogen in an Organic Substance. 

803« Three methods for the estimation of nitrogen in an organic substance 
^rc described. 

The Soda-lime Method (804)> which comsists in heating the substance 
''ith soda-lime and estimating the ammonia which is evolved, is suitable 
ior many organic substances. 

The Kjeldahl Method (807) depends on converting the nitrogen 
Into ammonium sulphate by heating the substance with strong sulphuric 
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acid, and then estimating the ammonia contained in tlio sulpliatc. 'Phis 
process can be rai)idly carried out and Is used for tlio estimation of nitro^pii 
in organic substances generally, and especially in manures and vegetable 
products, and in liquid or moist bodies. 

The Dumas or Absolute Method (809) provides for the measurement ol 
the nitrogen which is evolved when the substance is burnt under suitable 
conditions with copper oxide. This process of estimation is applicable to 
all nitrogenous substances. 


Estimation of Nitrooen ry the Soda-lime Method. 

804. This process cannot be applied to the estimation of nitrocen in 
nitro-compounds and in certain other bodies. 

The substance is mixed with soda-lime, and the mixture is healed to dull 
redness. The nitrogen in the organic body is thus evolvcil as ammonia gas, 
whicli may be estimated in one of the two following way.s. 'Ihc second is 
the tnore exact, but it is more tedious in execution tlian the first. 

( 1 ) Tlie arnmonia is absorbed in a known volume of standard acid, and 
the amount of acid which remains unneutralised is afterwards dctermitual by 
standard sodium hydrate solution (805)* 

( 2 ) The ammonia is absorbed in excess of dilute hydrochloric acid, and 
the ammonium chloride thus produced is precii)itated as the double chloride 
of ammonium and platinum and is weighed as such (806). 

805. The Ammonia is absorbed in an Excess of Standard Acid and 
is Estimated Volumetrically, 

The following materials are required for the process 1 

(a) A Comhuslion-luhe about 60 cm. long and 1*5 cm. in internal diameteb 
which has been clo.sod at one end and has had the sharp edges of the otlipr 
end rounded in the flame for the rece[)tion of a rubber cork. 

(b) A Will and Varrentraj)p Bulb-tube, which is fitted into the open end 
of the combustion-tube by means of a tightly fitting perforated cork (Fio’ 
106 ). The end of the bulb-tube projects about 0*3 cm. through the cork. 

(c) Soda-lime both in a state of fine powder and in a granular condition 
(177). The soda-lime must be heated in a dish over a sand-bath until it is 
perfectly free from moisture and from ammonia, and the powder and the 
granular substance are then kept in separate well-stoppered bottles. 
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(d) Fibrous Asbestos, which has been ignited in a porcelain or i)latinuni 
crucible. 

(e) Oxalic acid, which has been heated in the steani-ovcn until all its 
M-aler of crystallisation has been expelled. 

For Practice in the Process, weigh out earcfully about O B giam of iJine 
dry urea, C()X 2 H 4 , or of i)ure dry acetanilide, Mold the perfectly 

clean and dry coinbustion-tube in a vertical |» 0 !sition, with its closed end 
resting on a square of glazed paper. Introduce into the tube a layer of the 
dried oNalic acid about 4 cm. in depth (Fig. 10(5, a), and then 4 cm. of the dry 
powdei cd soda-lime (6), 

I'To. 106. 


Comlu'Stion - furnace j 
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Then turn out the weighed quantity of urea Into a clean dry porcelain 
mortar, reduce it to powder, and add sufficient finely [)Owdercd soda-lime to 
fill about 10 cm. of the combustion-tubc. Thoroughly mix the urea with the 
soda-lime in the mortar, and pour the mixture into the tube through a funnel 
made by rolling round a piece of glazed paper. When all the mixture has been 
tran,sfeiTed to the tube, rinse out the mortar with a little fresh soda-lime 
powder, and pour this also into the combustion-tube. The mixture and 
1 insings should fdl the part of the tube shown by special shading (c). 

Now fill in about 2.5 cm. of the granular soda-lime (rf), and linally push in 
a loose plug of the ignited asbestos {e). After the introduction of the asbestos, 
about 2 cm. of the tube should remain clear. 

Finally hold the tube in a horizontal position and tap its whole length 
u[)on the bench, to make sure that there is a free passage along its iqipcr part 
for the ga.ses which will be evolved. 

Fote . — If the substance to be burnt is hygroscopic or volatile it should bo mixed 
v'itli the powdered soda-lime in the combustion-tube instead of in the mortar. 
The mixing may be effected by a long wire shaped at its end like a cork-.screw. 

Now measure out 15 c.o. of normal sulphuric acid (285) the bulb- 
tube by means of a fine pipette, and add a little water to make up the liquid 
to the level shown in the figure. Then connect the bulb-tube with the com- 
bustion-tube by means of the cork and make sure that the joint is gas-tight. 
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The tu be is now ready to be heated. Lay it upon the asbestos in the trough 
of a combustion-furnace, with the end {e) extending about 2 cm. beyoiK^ 
the end of the furnace. Slip upon this end of the tube a circular pici e of 
rheet-iron or asbestos cardboard about 8 cm. in diameter and pcrforatod 
in its centre so as to fit the combustion-tube. This will shield the cork fioa 
the direct heat of the furnace, and will prevent it from being cliarrcd. 

Now light the burners under the portions (d) and (e) of the tube, and heaf 
them to dull redne.8S. Then gradually extend the heat along the mixture (c). 
The intervention of the powder (b) will prevent the oxalic acid (a) from being 
heated but it is better to insure thi.s by screening the acid with a piece of 
sheet-iron or asbestos millboard. 

When the portions (c), (d), and (e) are at a dull red heat, and all evolution 
of gas has ceased, heat the oxalic acid at (a) gently. The gases thus evolved 
will drive out any ammonia gas which is still present in the tube, and wiri 
insure its absorption by the .standard acid. 

Instead of sweeping the ammonia out of the eombustion-tubc by heating some 
oxalic acid, the tube may be drawn out to a narrow sealed end : wlien the couibus. 
tion is finished this sealed tip is then broken olT and a stream of air.i.sdra\vii Ihrougli 
the combustion-tubo by af){)l3’ing suction .nt the open end uf the .absorption vessel, 

Care must be taken that no drops of liquid remain between the a.sbc,sto3 
(e) and the cork, since ammonia would be dissolved by this liquid. If drops 
are seen, gradually push the tube further into the furnace so as to evaporate 
the liquid. 

Now pour the acid from the bulb-tube into a beaker, and rinse out the 
bulbs several times inlo the beaker. Titrate the acid, which remains un- 
neutralised by ammonia, with normal sodium hydrate solution (289), using 
methyl-orange as an indicator ; and ascertain by difference the amount ol 
acid which has been neutrafised by the anmionia. Each c.c. of acid which 
has been neutralised by the ammonia corresponds to 0’014 gram of nitrogen. 

It must bo remembered that ammonia may have passed unabsorbed through 
the bulbs, unless some free acid remains at the end of the combustion. The 
addition of a small quantity of methyl-orange solution (268) to the acid in 
bulbs before the combustion is started will serve to indicate whether any ru i J 
remains unnoutralLsed after the combustion is finished. 

806. The Ammonia is absorbed in Excess of Dilute Hydrochloric 
Acid, and is precipitated as (NH4)2Pt01,. 

The preparation and heating of the combustion-tube is carried out preci.scly 
as is described above (805)» but hydrochloric acid diluted with four times its 
'volume of water, instead of normal sulphuric acid, is introduced into the 
absorption-bulbs. 

After the combustion is finished, the acid solution of ammonium chlotid'^ 
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is transferred from the bulbs to a dish, and is mi.xed wilh excess of pure 
platinum cliloride solution; the ainnioniiim platini-chloride is then esti- 
mated as is described in paragraph 173. 

The weight of nitrogen contained in the double cliloride, and the percentage 
of nitrogen in the. organic substance are then calculated (173, Note), 

Instead of weighing the double chloride as such, the salt may be ignited and 
the residual platinum weiglied : the weight of nitiogen originally pre.sent in f Im 
double chloride i.s then calculated from the weight of platinum found. Tlu- 
method may follow the weighing of the double chloride, and its result may serve 
08 a check upon the result already obtained from weighing the salt. 


Estimation of Nitrogen by Kjeldahl’s Process. 

807* This process is suitable for dry or moist solids, and for liquid bodies. 

The substance is first healed with strong sulphuric acid, free from nitrogen 
compounds. The nitrogen of the organic body is thus converted into am- 
monium sulphate. 

The acid solution is then heated with excess of sodium hydrate ; and the 
ammonia thus evolved is either absorbed in a known volume of standard 
acid and doterrninod volumetrically, or is precipitated as ammonium platini- 
chloride and then determined gravimetrically. 

Any nitrate present in the original substance must be removed, by 
evaporation to dryness with hydrochloric acid and ferrous sulphate, before 
the substance is heated wdth the strong sulphuric acid. 

Strong Sulphuric Acid free from ammonium sulphate and from oxides 
of nitrogen is required for the process. The freedom of the acid from these 
substances can be ascertained by making a blank experiment as is described 
below { 808 ), using sugar instead of urea. This experiment should yield no 
ammonia, 

808 . For Practice in the Estimation, weigh out 0-7 gram of pure dry 
Urea or acetanilide into a round-bottomed flask of about 500 c.c. capacity, 
and pour in 20 c.c. of the sulphuric acid. Heat the liquid nearly to boiling 
for an hour. Then add 8 grams of dry powdered potassium sulphate and 
continue the heating. 

The prosonco of the potassium sulphate in the acid raises the temperature to 
^’bich the acid may be heated without boiling, and renders it possible to heat the 
liquid sufficiently to complete the necessary change in the organic substance. 
Many organic substances cause the liquid to become dark coloured before the 
sulphate is added, but the liquid almost loses its colour as the reaction advaucea 
after the addition of the sulphate. 

The addition of a small crystal of copper sulphate expedites the reaction. 
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By this treatment all the nitrogen of the urea is converted into ammonium 
sulphate. The ammonia is then expelled from this ammonium sulphate and 
is absorbed in eithej: of the following ways (1) or (2) ; 

(1) The cold acid liquid in the flask is diluted with water. A decided 
excess of sodium hydrate, dissolved in three times its weight of water, is then 
added, the flask is fitted with the absorption apparatus described in jiara- 
graph 173 . find the ammonia is expelled and absorbed as is there described. 


Fio. 107. 



(2) The sodium hydrate solution described above (1) is added in excess 
the cold .sulphuric acid in the largo tla.sk (Fig. 107 ), and the bent 
delivery- tube from the flask is connected with a vertical condenser (I0l6)* 
The lower end of the conden.ser-tube is then attached by means of a perforated 
cork to a test-tube, in the bottom of which an opening has boon blown ulidc 
the gla.s8 is heated to redne.ss. The bottom of the test-tube just dips into the 
absorbent acid in the rocoiving-flask. 

The ammonia is then driven over into the acid either by siniply 
boiling the alkaline solution, or by passing a current of steam from a 
vessel through the alkaline liquid as is shown in Fig. 107. 

For the latter procedure the acid liquid should be poured from the 
tion-flask into a flask of greater capacity. 100 c.c. of sodium hydrate solution. 
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containing 357 grams of sodium hydrate per litre, are tlien caiofully poured 
down the inside of the flask, without being allowed to nii.K witli the acid licpiid 
Tli 0 alkaline solution, thus introduced, is more than suflicient to neutralise 
the acid. The apparatus is then connected together (Fig. 107), and steam 
is blown through the liquid in the largo flask. The .steam mixes the acid and 
the alkaline liquids together, raises the temperature of the mixture, and carries 
over the ammonia into the condenser and thence into the absorbent acid. 

The ammonia may either be received in a known volume of standard acid, 
the unnoutralised excess of which i.s titrated after the absorption (295) ; ot 
itmay be absorbed in an excess of dilute hydrochloric acid, and then cstirnaled 
by conversion into the double chloride of ammonium and platinum, as is 
described in paragra[)h 173 . 


Example.— The following are the particulars of an estimation ; 

0'788 gram of urea was wcigliod out, and was treated as is <lesn ihrd above, and 
the resulting ammonia was absorbed in 100 c.c, of normal .sulphuric acid. 

This sohition was made up to 250 c.c., and was then added from a burette to 
neutralise 10 c.c. of a sodium hydrate solution, concapoudiiig to lO'O.’t c.c. of a 
normal sodium hydrate solution; 3t c.«. of the acid solution vverc required to 
neutralise this alkali. 

Therefore the volume of acid not neutralised by the ammonia -» 

1003 x 250 

^ 73 7 (i c.c. 

34 


And the volume of acid neutralised by the ammonia 100 7.3 "O — 2tr2t c.c. 
Now since each c.c. of the normal acid corresponds to 0 017 gram of 
containing 0 014 gram of N, the weight of nitrogen in the urea = 20 24 x U‘D14 = 
0'3fi73(5 gram. 


And the percentage of nitrogen in the urea = 


' 0-788 


E.STIMATION OF NiTKOOEN BY Du.MA.s’ MeTUOD. 

809. This Method depends upon the Measurement of the Volume of 
the Nitrogen, which is evolved by the Combustion of the Substance. 

The method i.s ajiplicable to the analysis of all organic conijiounds 
containing nitrogen. 

The organic substance is heated with copper oxide in an atmospheto of 
carbon dioxide gas. The constituent elements, nitrogen, carbon, and hydrogen, 

then evolved as nitrogen, carbon dioxide, and steam respectively. These 
products are passed through cold strong potassium hydrate .solution into the 
tueasuring-vessel, in which the nitrogen alone collects in the gaseous condition. 
ITie volume of gas thus obtained is corrected for temperature and pressure, 
and its weight is then calculated. 
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The following materials are required for the process s 

(a) A Combustion-tuhey from 1*3 to 1*6 cm. in diameter, and 70 cm. in 
length. The tube is cleansed and dried, and is then sealed at one end by draw- 
ing it out in the blowpipe flame ; the other end has its edges rounded in the 
flame for the reception of a cork. 

(b) Magnesite in pieces the size of a pea, or pure dry sodium bicarhonale 
which has not been prepared by the ammonia -soda process. 

(c) Copper Oxide in both tlio powdered and the granular condition. The 
oxide must have been prepared by the oxidation of metallic copper, since 
when it has been prepared from copper nitrate it frequently contains 
nitrogen. It must have been ignited shortly before it is used. 

(d) A Copper Spiral, or a Roll of Copper Gauze, about 8 cm. in length, 
and of such diameter as just to lit the combustion-tube. Before using the 
coil, its surface should be freed from organic matter and rendered metallic 
by being ignited first in a current of air and then in a stream of hydrogen 
gas. 

This result may be more readily attained by holding the copper-roll ^vith 
crucible-tongs in the tip of a largo blowpipe flame until it is heated to redness, 
and then dropping it while red-hot into a little methyl alcohol contained in a large 
test tube. 

For Practice in the Process, weigh out 0*15 gram of pure dry urea. 
Introduce first into the end of the combustion-tube (Fig. 100, p. 415) a layer 
of magnesite (b) about 10 cm. in length, then about 8 cm. of the granulated 
copper oxide (c), and make each layer settle down compactly by tapi)ing the 
tube while it is in a vertical position. 

Now mix the urea intimately with some of the finely powdered copper 
oxide (c) in a glazed mortar, and introduce the mixture into the tube by means 
of a wide-stemmed tunnel. Rinse out the mortar with a little fresh coppe r 
oxide, and pour this also into the tube. The mixture and rinsings should 
occupy about 12 cm. of the tube after they have been rendered compact by 
tapping the tube. 

The mixing of the substance with the powdered copper oxide is more easily 
effected in the tube than in the mortar, by using a long wire bent into a corksuew 
shape at its end. 

Next odd a layer of about 25 cm. of the granular copper oxide, and then 
push in the recently deoxidised copper roll. Tap the whole length of the tube» 
held in a horizontal position, upon the bench, so as to form a free passage 
along the upper part for the evolved gases. Attach a bent delivery- tube by 
means of a perforated rubber cork (Fig. 108, p. 422), and slip upon the end 
of the combustion- tube a perforated piece of asbestos cardboard in order to 
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prevent the overheating of the cork. The tube is now ready for the 
combustion process. 

Lay the combustion-tube in the trough of the combustion-furnace, and 
proceed to heat the granular layer of copper oxide in the front of the tube, 
gently heating at the same time the front half of the magnesite. 

When the evolution of carbon dioxide has continued for some time, test 
the gas by collecting it in a vessel containing solution of potassium hydrate, 
in order to see if it is free from air. 


For this purpose tlie gas may be passed into the special collecting apparatus, 
the construction and use of which are described in paragraph 8lO. If this 
apparatus is not at hand, the end of the delivery- tube is dijjped just beneath 
the surface of mercury contained in a trough, and a small test-tube or the 
graduated tube mentioned below, one-third of which is filled with mercury and 
the remainder with potassium hydrate solution, is supported over the end of the 
delivery-tube. 

In filling this tube introduce the necessary quantity of mercury into the 
inverted tube, and remove any air-bubbles which adhere to the interior. Then 
pour in the potash solution untU it reaches to 0 5 cm. of the top, and carefully 
add water until the tube is quite full. Now slide a glass plate over the juouth 
of the tube, invert the tube with its mouth under the mercury in the trough, 
withdraw the glass plate, and support the tube securely over the end of the 
deliveiy-tube. In this way contact of the potash solution with the fingers may 
be avoided, since the lower specific gravity of the water causes it to float on the 
potassium hydrate solution. ^ 


When each bubble of gas from the combustion- tube is completely absorbed 
by the potassium hydrate solution, all the air has been expelled from the tube. 
If the bubbles are not completely absorbed, continue to heat the magnesite 
until the carbon dioxide ha.s entirely expelled the air. Not more than half 
the magnesite must be heated for this purpose, and when the air has been 
completely removed one burner only should be left to heat the magnesite. 

Now proceed to arrange the apparatus for the collection of the nitrogen, 
which is evolved during the combustion. 

If the special form of apparatus, just referred to, is employed, it will be already 
jn position, and it will only bo necessary to remove any air from the interior, and 
u proceed as is directed in paragraph 8 10 . 

8 a substitute for this apparatus a graduated tube of 160 o.o. capacity may 
use Two-thirds of this tube are filled with mercury and the remainder with 
an solution of potassium hydrate by the procedure described above, 

tr ^ securely clamped over the end of the delivery-tube in the mercury 

acc'^^ t ^ at its end, which must be 

ra y ground and made air-tight with vaseline, and this stop-cook facilitates 
removal of any air which has been already collected in the tube., 


As soon as the collecting apparatus has been duly arranged, and the front 
P ft of the combustion-tube containing the copper oxide and the copper coil 
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has been heated to redness, gradually licat the mixture containing the sub 
stance from the front backwards. 

\\'hen the evolution of gas from the delivery-tube has altogether ceased, 
heat the remainder of the magnesite. The carbon dioxide thus evolved 
will sweep out the nitrogen which remains in the combustion-tube. Now 
shake the gas collected in the tube, in order to bring it into contact with tlie 
caustic potash solution and to remove any caibon dioxide which may have 
escaped absorption. 

When the volume of the gas undergoes no further decrease it is read utl 
Fio. 108. 

4 * 



Combustion for Nitrogen. 


with the following precautions, and represents the nitrogen evolved from the 
organic substance ; 

If the special collecting apparatu.s has been used, the process of reading oil 
volume of nitrogen is conducted as is directed in paragraph 8lO. 

If the gas has been collected as is shown in Fig. 108, the mea.su ring- tube 
removed liy means of a small porcelain dish filled witli mercury, and is placed in 
a large cylinder of water which should be at the temperature of the laboratoi V- 
The ni«reiiry and cau.stic pota.sh .solution are allowed to fall out of the measuiing 
tube into the water, and the incasuring-tube itself is tlien entirely immersed. 

As soon as the nitrogen has gained the temperature of the water, the measurintr- 
tube is raised until the water is at the same level both outside and inside the tul'c, 
and the volume of the gas Is road off. 

As soon as (he volume of the nitrogen has been read, take the (eniperatuir 
of the surrounding water and the barometric prc.ssure, and calculate the weight 
of the nitrogen from thc.se data by means of the following formula (835^839) ' 




In order to be able to correct the result thus obtained for unavoid- 
able errors, a blank experiment should be carried out with an organic 
substance vvhifdi contains no nitrogen. Pure sugar 
may be used for the purpose. The volume of gas 
which is obtained represents the amount of nitrogen 
which is introduced during tlio process, and should 
not exceed 1 c.c. ; it must bo deducted from 
the volume of nitrogen obtained in each estitna- 
tion before the percentage weight is calculated. 

8 10. A Special Form of ApparatU8» in which (he 
nitrogen may he l)oth collected and measured, is repre* 
seiited in Fig. 10 It consists of a graduated 100 c.c. 
burette (,\), which is supported in a heavy foot and is 
furnished at the top with an accurately fitting .stop-cock 
(c) lubricated with vaseline. The burette is connected by 
a side-tube (a) with a reservoir (B) by means of a He.xible 
rubber tube which has been .soaked in melted paruttin 
wax. A second .side-tube (t>) is connected witli the 
burette, at a {X)int about an inch and a half lower down 
than the first (a), and is inclined upward.s. 

Mercury is poured in through the lower side-tube {h) 
until it rises about 1 cm. above the joint, and the tube 
is then closed. The reservoir (B) is now charged with Collection of 
a solution of potas-sium hydrate, prepared by dissolving Nitrogen, 
the solid in an equal weight of water, the siop-cock (e) 
is opened, and the reservoir is raised until the potash .solution fills the burette, 
I he stop cock is then closed, and the reservoir is lowered and is fixed by the clamp 
near the bottom of the burette. 

The side-tube (h) is now opened, and the delivery-tube from the combustion 
apparatus is passed through it into the burette. Wlien only a very minute 
bubble of nitrogen remains from each bubble after it has been acted on by the 
Solution of alkali in the burette, the carbon dioxide wiiich escapes during the 
preliniinary heating of the magnesite may be considered to be free from air. 

The delivery-tube is then removed and its end is immediately immersed in 
Pome water to close it from the air ; the tube (6) is clo.sed, and the air is expelled 
from the burette (A) through the stop-oock (c) by raising the reservoir (B). The 
Ptop-cock is then closed, and the reservoir ia lowered and clamped near the bottom 




OlfOANlC ANALYSIS. 


[811. 812, 


4>U 


of the tube (A). The tube (6) is now opened, the delivery-tube is once more inserted 
into the side-tube (6), and the proees.s of conil)ustion is proceeded with, all gas 
which is evolved during the combustion being collected in the burette (A). 

As soon as the evolution of gas ceases, the nitrogen is swept out from the 
combustion-tube by the carbon dioxide which is expelled by heating the residual 
irtiagnesite, the delivery-tube is withdrawn from the side-tube (b) and the side- 
tube is again closed. 

The gas is then allowed to stand in the burette for about an hour in order that 
the*absorption of the carbon dioxide may be complete. The volume of the nitrogen 
is now read, after the reservoir has been raised sufficiently to bring the surface of 
the liquid in it to the same level as that in the burette, and the temperature of the 
surrounding air and its pressure are also read. This volume will require to be 
corrected for temperature and pressure by the fortnul^ on page 423, the vai)qiir 
pressure of strong solution of KHO being taken us half that of water at the 
corresponding temperature. 


Estimation of Chloutne, Bromine and Iodine in an Oroanic 
Substance. 

Sii. Two methods are here described for estimating halogens in erganib 
bodies, in both of which the halogen is ultimately weighed in combination 
with silver. 

In the first process (8l2) the substance is burnt with lime, or with soda- 
lime, and the calcium halogen salt thus produced is dissolved out and pre- 
cipitated by silver nitrate solution. 

In the second process (814) the substance is decomposed by heating it 
under pressure with strong nitric acid in the presence of silver nitrate ; in 
this case the silver halogen salt is directly produced. 

The first method is the more generally applicable, but the second method 
will as a rule bo found the more convenient of the two. 

812. Ignition with Lime, or with Soda-lime.— The powdered solid sub- 
stance is mixed with lime or sodadime, and the mixture is heated strongly; 
the halogen is thus obtained in combination with calcium. 

The cooled mass is then dissolved in nitric acid, excess of silver nitrate 
solution is added to this liquid, and the halogen is precipitated and weigbeti) 
in oombination with silver. 

The process is rendered somewhat tedious, by the necessity of using 
large quantity of nitric acid to neutralise and dissolve the alkaline mass. The 
operations of filtration and washing the precipitate and filter become therefoi® 
somewhat lengthy. 

The Lime or Soda-lime which is used lot the eombuetion should be 1^^^ 
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from chloride. If it contains chloride, the amount of chlorine present must 
be estimated and allowed for, and a known quantity of the lime or soda-lime 
must therefore be used in each determination. 

The quicklime may be readily prepared by breaking marble into small 
pieces of similar size (I 77 )» introducing it into a clay crucible, and heating 
it strongly in a muffle or in a wind-furnace for several hours. The lime thus 
prepared is removed from the crucible as soon as it is cold, and is preserved 
in a well-stoppered bottle. 

The soda-lime in a granular condition (177) is healed strongly to expel 
moisture, and is stored in a stoppered bottle. 

813. For Practice in the Estimation weigh accurately about 0*2 gram oi 
finely powdered chloral hydrate, CCl3CH(OH)2. 

Cleanse a piece of combustion- tube, about 50 cm. in length and about 
1 cm. in diameter, close one end by drawing it out in the blow pipe flame, 
and fuse the sharp edges of the open end in the flame. 

Fill about 5 cm, of the tube with the powdered lime or soda-lime, and 
add the weighed substance. 

Now introduce another 5 cm. of the powdered lime or soda-lime into the 
combustion-tube, and mix the substance with this portioi by pushing down 
into the tube a long bright piece of wire which is bent like a corkscrew at its 
end, and turning this wire round in the powder and substance. Almost fill 
the rest of the tube with granular lime or soda-lime, and then insert a loose 
plug of asbestos. 

A volatile organic liquid would be dropped into the combustion-tube in a small 
tube or bulb with a capillary opening (Soo) after the first 6 cm. of lime-powder 
have been introduced, or it might be introduced in the form of vapour aa ia 
directed in paragraph 8oit. 

Either leave the end of the combustion-tube open, or draw it out into 
a narrow tube wliich is bent obliquely and has its end just immersed beneath 
the surface of some water contained in a small beaker during the process of 
combustion (Fig. 74 , p. 122 ). 

Now lay the tube in the trough of the combustion-furnace, and heat the 
front portion containing the granular lime to redness. When the lime ia 
red-hot, gradually extend the heat to the mixture. 

As soon as the decomposition is complete, transfer the contents of the tube 
to a beaker after cutting off the narrow end of the tube if it has been drawn 
off. Then rinse out the tube with dilute nitric acid into the beaker 
{Note), and add more nitric acid and stir until the lime is completely 
dissolved. Now filter off any particles of carbon and glass, add an 
excess of silver nitrate solution to the clear liquid, and filter off, dry, 
ignite, and woitrh the precipitate (I49-152); or alternatively neutralise 
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the nitric acid solution, and then titrate the halogen by standard silver 
nitrate solution (373)* 

Note . — If iodine is liberated during the conibu.stlon, it must be converted into 
hydriodic acid by means of sulphurous acid before the nitric acid Is added. The 
iodine may be partially converted into iodate during the combustion, and tliis 
must l)e converted into iodide by adding sodium sulphite to the nitric add 
i-olution before the iodide is estimated by silver nitrate. 


814. Carius’ Method for Estimating the Halogens.— The organic 
substance is mixed with fuming nitric acid and silver nitrate, and the mixture 
is then heated for several hours in a sealed glass tube. The halogen is thus 
obtained in combination with silver, and is weighed in this form. 

The Procpiis of Eslimation . — Cut off a piece of thick-walled Jena-glass tube 
or combustion-tuhe, about 50 cm. in length and 1*5 cm. in diameter. Seal 
up one end in the blowpipe flame, being careful to make the end strong and 
round in shape, and to anneal the glass well by allowing it to cool down slowly, 
finally in the luminous Hame. This is the digestion-tube. 

For practice in the process weigh out accurately about 0'2 gram of chloral 
hydrate, CCl 3 .CH(()H),, in a small weighed piece of quill-tubing which is not 
less than 3 cm, in length and is sealed at one end. 

If the substance Is a volatile liquid, it is sealed up in a small thin tube (Fig. 127, 
a, p. 483) or in a thin bulb-tube. The bulb-tube may be made from a thin-walled 
ignition-tube, 0‘5 cm. broad, by heating its closed end in the dame and blowing 
it out into a bulb about IT> cm. in diameter. When the tube Is cold it is weighed, 
and the substance is introduced. The upper part of the tube is then drawn off 
and .sealed l)y holding it in a blowpipe Hame, and the two parts of the tube with 
the inclosed ,sub.stance are weighed. The gain in weight of the tube gives the 
amount of substance taken. The portion of the glass drawn off from the bulb 
weighed at once, and the weight is noted down for subsequent use (p. 428). 

Introduce into the digestion-tube about twice as much solid silver nitrate 
as is theoretically required to furnish sufficient silver to combine with tlie 
halogen. Then pour in 2 c.o. of fuming nitric acid, and push the tube contain- 
ing the substance down the interior of the digestion-tube until it reaclic.'^ 
within about 5 cm. ot the acid. The small tube will adhere to the glas.s 
surface, owing to its being wet with nitric acid. The greatest care must be 
taken not to allow the acid or its vapour to reach the substance in the 
open lube ; if the substance is contained in a sealed tube or bulb this danger 
is avoided. 

Now draw out and seal the open end of the digestion -tube. For this 
purpose hold the tube in a slanting position, so that its contents remain un- 
disturbed in their relative positions, and the acid does not reach the substance. 
Gradually heat the tube at about 10 om. from its open end, rotating it con- 
tinually in the Hame, until its sides soften and thicken and begin to fall together. 
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Then gradually draw off the upper part, leaving a tliick- walled scaled capillary 
end, and carefully anneal this by cooling it first in the luminous Haine and 
finally in the air. 

Now place the tube in a loo.sely fitting wrought-iron tube, and close this 
with a screw-cap in order to prevent accident if the glass .should burst under 
the pressure to which it is subjected. It is well to wrap the tube in a 
sheet of filter-pajier before placing it in (he iron lube, so as to lessen the 
risk of fracture. Then tilt the tul)e sufficiently to cause the acid to rinse 


Tio. 110. 



Air-bath for Hkatino .Skaled Tubes. 

the small tube down to the bottom, or if the substance ha.s been sealed in a 
bulb-tube break the bulb by sl aking the digestion-tube. The tube is now 
ready to be heated in the air-bath. 

The Air-bath (Fig. 110) is a stout sheet-iron box 00 crn. in length. 
1^ oil r pieces of iron gas-pipe, open at both ends and 6 cm. in internal diameter, 
pas.s through holes in the ends of the box. The projecting end.s of these pipes have 
a screw-thread turned on their surface, and a lock-nut is screwed upon each of them 

order to keep the tube in position. 

A thermometer in a perforated cork is inserted into a hole in the top of the 
bath, and serve, s to regi.-iter the temperature of the interior. A Fletcher Imrnet 
suitable for heating the bath uniformly is shown in the figure. 

When the bath i.s in use, a sheet-iron cover is placed over it ; this rests ui'(Hi 
^ be upper surface of the bath, it i.s open at the bottom, and the sides and end-t are 
half an inch distant from the bath itself. The cover is kept in position by two 
Studs fixed in the upper surface of the bath, which pas.s through corresponding 
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holes in the top of the cover. This cover renders the temperature in the bath 
more uniform. 

It will be seen that four tubes can be heated at the same time in the air-bath. 

The bath should bo .slightly tilted, in order to prevent the liquid in the dige.stion- 
tube from entering the .se.iled capillary while the tube lies in the bath. 

When the sealed tube has been inclosed in the wrought-iron tube and 
the cap has been screwed on, introduce it into the broader tube of the air- 
b.ith, place the cover over the air-bath, and light the burner. Watch the 
theiinomcter carefully, and allow the temperature to rise until it reaches tlie 
desired temperature ; then maintain the bath at this temperature for several 
hours by properly regulating the supply of gas to the burner. 

A temy)Qraturo of 300“ 0. is sufllcient to insure decomposition in all ordinary 
cases. A lower temperature will frequently suffice, and some simple bodies will 
bo decomposed at a temperature of 150“ C. 

Then allow tbe bath and tube to become quite cold, take off the cover, and 
proceed to remove and open the tube in the following manner j 

The tube inclosed in its protecting wrought-iron jacket is taken out of the 
air-bath in the jacket, the cap is removed, and the capillary end is slid out 
of lh3 jacket. Care must be taken not to allow the open end of the iron tube 
to face the person, since there may bo very considerable gaseous pressure 
within the tube, and an explosion which may occur should take place away 
from the person. The capillary end projecting from the air-bath is drained 
from any adhering liquid, is then heated in a Bunsen flame until the glass 
softens and the gas forces an exit and escapes. 

When the substance requires to be heated for a long time with the acid to a 
high temperature, it is best to allow the tube to cool and to permit the ga.se.s io 
escape from the cold tube once or twice during the proce.s3 of heating, the tube 
being scaled again each time before the heating is proceeded with. This precaution 
will often save the tube from bursting. 

If there is any doubt about the oxidation of the substance being complete after 
the capillary has been opened in an ordinary determination, the tube should be 
sealed up and re-heated. 

As soon as the issue of gas ceases, the end of the digestion-tube is cut olf 
with a file, and the contents are rinsed out with water into a beaker. Any 
large pieces of the small glass tube or bulb are removed and washed, then 
dried in the steam-oven and weighed, the weight of the end which was drawn 
off during the sealing, if a glass bulb was used (p. 420), being added. I’be 
difference between this weight and that of the original bulb or tube represents 
the weight of the small pieces of glass which remain in the silver chloride. 

The acid liquid is then diluted and boiled for a few minutes, and the silver 
salt is filtered off (Note), washed, dried, and weighed (I49). The weight of 
any .small glass fragments, which has been already determined, iB then 



816 - 818 .] 


SULPHUR AND PHOSPHORUS. 


429 


deducted and the true woiglitof the silver salt is thus obtained. From tliis 
the weight of the halogen and its percentage is calculated. 

^ote.—li iodine is present in the organic substance, the silver nitrate mid 
silver iodide sometimes fuse together into a yellow mass. The silver nitrate must 
be removed from this mass, by heating it in the diluted liquid for one or two hours. 


Estimation of Sulphur in an Organic Substance. 

815. The Sulphur in the Organic Substance is oxidised and 
converted into Sulphate; it is then precipitated and weighed as 
Barium Sulphate. Any of the methods mentioned below may be lused. 

816. Oxidation by Nitric Acid, as it is olTccted in Carius’ method 
for determining the halogens (814), is suitable for the estimation of sulplmr. 
The substance is heated with strong nitric acid of 1*5 specific gravity as has 
been already described {loc. cit.), the silver nitrate being omitted, and the 
sulphur is thus converted into sulphuric acid. 

When the tube is cold, its contents are transferred to a porcelain disli, 
The excess of nitric acid is removed by evaporating the liquid nearly to dryness 
on the water-bath after adding an excess of hydrochloric acid, some sodium 
chloride being also added to fix the sulphuric acid. The liquid is then diluted, 
and the sulphur is estimated as BaSOi (I33). 

817. The Methods of estimating Sulphur in Coal (550) and in 
Zinc-hlende (142), are also applicable to its estimation in many organio 
substances. 


Estimation of Phosphorus in an Organic Substance. 

818. An Organic Substance containing Phosphorus is subjected to the 
processes described above (816, 817), and the phosphorus is thus converted 
into phosphate. The solution obtained by any One of these processes is then 
rendered alkaline, if necessary, by adding ammonium hydrate, and the 
phosphate is precipitated with magnesia mixture (167) estimated as 
%P,0, (IW). 
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THE DETERMINATION OF THE MOLECULAR 
WEIGHT OP A SUBSTANCE. 


819 . Tho first two methods (820, 821 ) are usually ap[)lied to basic nr 
acid organic substances wbicb are not volatile without decomposition. 
They depend U[)on tho formation of detinito hodie.s of a saline nature, ntid 
require a previous knowledge of the basicity of the substance. 

The third and fourth mctliods (822 824) depend upon tho lowering of llic 
freo/ing-point or tlio raising of the boiling-point of a solvent in which thy 
substance has been dissolved; they are applicable to many organic ami to 
some inorganic sulrstancos. 

Other methods are subscquenlly described, which are applicable omr to 
volatile substances and de|)cnd upon determining their vapour densifirs 

(920 928). 


Dktermination of the Molecular Weight of an Organic A( in- 

820. The Molecular Weight of an Organic Acid may sometimes be 
determined by preparing an Insoluble Metallic Salt from the Acid, 
and then estimating the Weight of the Metal in a known Weight 01 
the Pure Salt. 

Since silver is a monovalent metal and forms many insoluble salts, Ihe 
s^ver salt is generally selected : but in certain cases the barium or loiid 
salt is converted into tho sulphate by evaporation with strong sulpluuic 
acid and siihseciuent ignition, 

1'hu.s the combustion of pure .acetic acid gives the empirical formula 
CHgO for ihi.s acid, and it is evident that either this formula or some multiple 
of it will represent the molecule of acetic acid. 

Only one acetate of tho monovalent metals can he obtained, and acetic 
acid is accordingly inferred to be monobasic. 

The mofecular weight of acetic acid may therefore be determined by prepar- 
ing pure dry silver acetate, and then igniting a known weight of this salt and 
weighing the reaidual silver. From this result the weight of the silver salt 
4S0 
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which contains 107*98 parts of silver may be found by calculation. This will 
be the molecular weight of the silver salt, and by subtracting from this 
molecular weight the atomic weight of silver, and adding that of hydrogen, the 
molecular weight of the acid will be obtained. 

Example.— Two grams of pure dry silver acetate gave on ignition 1 2034 grams 
of silver. 

Now the weight of silver thus found will stand in the .same ratio to (he atomic 
weight of silver, as the weight of the silver acetate, which was taken, docs to tho 
molecular weight of silver acetate. 

107 OS X 2 

Therefore the molecular weight of silver acetate = j = 166 07, 

And the molecular weight of the acid = 166.07 - 107.08 + I -= 50.00. This 
molecular weight corresponds to the molecular formula 

From a polybasic acid more than one corrc.sponding salt of a monovalent 
metal may usually be prepared. These salts will contain din’ereiit pcrcc'ntagcs 
of the .metal, and from a study of the relative proportions of metal present in 
them, the basicity of the acid may usually be iufened. 

For Practico in the Estimation prepare some pure silver succinate, by 
adding a moderately strong solution of silver nitrate to solution of sodium or 
ammonium succinate. Filter off the silver succinate, remove dksolved salts 
from it by washing, and dry the salt at as low a temperature as possible. 

Now weigh accurately about 1 gram of the silver succinate into a 
covered porcelain crucible of known weight, heat it very gently at first, 
but finally to a red heat for a short time, and weigh it; then repeat the 
processes of heating and weighing until the weight of the residual silver is 
constant. 

Now calculate the molecular weight in the way already described. Since, 
however, succinic acid is known to be dibasic, it is evident that 2 x 107 98 
must be subtracted from the molecular weight of the silver succinate, and 
- X I must be added to the remainder, in order to obtain the molecular weight 
of the acid. 


I^KTERMINATION OF THE MOLECULAR WEIGHT OF AN ORGANIC BaSE. 

821. Certain Organic Bases, notably the Alkaloids, combine with 
Hydrogen Chloride and Platinum Chloride to form Double Salts. - 
fhese resemble in constitution the double chloride of ammonium and 
platinum, 2 (NH 3 HCl).PtCl 4 , the organic base taking the place of the NH^. 

The molecule of the double salt thereforcmsually contains two molecules 
of the organic base, and if R represents a monovalent organic base, the 
general formula of the double salt will be 2(RHCl).PtCl4. When the molecular 
'*'eight of this organic double salt is known, the value of R can he calculate 



MOLECULAR WEIGHT 


432 


[ 822 , 


since the weight of the other elements present in the molecule is known and 
can therefore be subtracted. 

The method of procedure is identical in principle with that which has been 
already described (820)* The pure dry double salt is prepared, and a suitable 
quantity of it is weighed ; this is then ignited in the air until it is lire 
from carbon, and the weight of the residual platinum is ascertained. 

The molecular weight of the double salt is then obtained from the following 
proportion statement : / 

The weight of ^ /’atomic wcig’it't ^ f weight of iloulle"! _ f molecular weight 
I’t found i ’ \ of Pt i ' I used / ' \ of double salt. 

The molecular weight of a monovalent base is then found by subtracting 
from the molecular weight of the double salt the weight represented by 
HaPtCIfl, and dividing the remainder by 2. 


Example. —2 32 grains of caffeine plaiini -chloride yielded 0’57 gram of 
platinum. 


Hence the mclenular weight of the double salt ■ 
Therefore the molecular weight of caffeine = 


195 6 X 2 -32 
0-67 

795-7 - 410-2 


. 795-7. 


. 192-7. 


For Practice in the Estimation dissolve some pure caffeine or pam- 
toluidine in dilute hydrochloric acid, and add to the solution a moderate 
quantity of platinum chloride solution. Filter off the yellow or oranfc 
precipitate of the double salt, wash it about six times with alcohol, and 
dry it in the steam-oven. 

Now weigh out one gram of this double salt into a weighed porcelain 
crucible, and boat it gently at first and then strongly. Continue the ignition 
until all the carbon is burnt away, stirring occasionally so as to promote the 
combustion of the carbon. Then weigh the residual platinum, and repeat 
the processes of heating and w'eighing until the weight of the platinum is 
constant. From this weight proceed to calculate the molecular weight of 
the alkaloid as is described above. 


Determination or Molecular Weight by the Prbbzinq-point 
Method (Raoult). 

822. The Molecular Weight of a Substance may often be deter- 
mined by the Lowering of the Freezing-point of a Solvent in which 
the Substance has been dissolved, —This method is of special value io 
the case of substances whose molecular weights cannot be determined by the 
precedi(ig methods (820, 821), or by tak’ng their vapour densities (920-92^^* 
The method depends upon the fact that if quantities of different substances, 
which are proportional to their molecular weights, are dissolved in equal 
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amounts of the same solvent, the freezing-point of the solvent is in every 
case depressed to the same extent. This depression varies directly with the 
amount of substance used, and inversely with tho amount of the solvent. 

Hence the depression of tho freezing-point of tho solvent, Which is caused 
by dissolving tho molecular weight in grams of a body of known molecular 
weight in a known weight of the solvent, is first ascertained. Tho molecular 
weight of any other substance can then bo readily found, if a known weight 
of that substance is dissolved in a known weight of the same solvent, and the 
depression of tho froezing-poin^ which is thus caused is noted. 


The Formula required for Calculating the Molecular Weight is deduced as 
follows : 

If M ■» the molecular weight of the substance dissolved ; 

K the Molecular Coefficient of Depression, or tho depression of freezing- 
point produced by dissolving the molecular weight of the substance 
in grams in 100 grams of the solvent ; 

W “the weight in grams taken of the substance, the molecular weight of 
which is required ; 

S •= the weight of solvent ; 

D = the observed depression of freezing-point ; 


Then the depression (D) is proportional to the number of gram-molecules of 

, W 100 ^ 

substance which have been dissolved in 100 grams of solvent, or to ~ x — : hence 


D- 


D: K; 


W X 100 
MxS * 


, W X 100 ^ „ 


1, or 

W X 100 
^ D X s' * 


823. The Process of Determination is conveniently carried out in the 
apparatus of Beckmann (Fig. 111). 

The glass tube A contains a stirring-rod made of stout platinum- wire, and 
a thermometer D which can indicate hundredths of a degree. 

The capillary-tube of the thermometer usually has a bulbous space at the top, 
which can receive some of the mercury, and thus enable the height of the mercury- 
thread to be adjusted to suit various freezing-points. The variation in the quaiy 
tity of mercury present in the stem of the thermometer in different pairs of deter- 
illations does not affect the accuracy of the result, because only, the difference 
between the freezing-points of the solvent and of the solution is required and not 
the actual temperatures of freezing. 

A weighed quantity of the solvent is introduced into the tube A, which 
‘s then placed in a somewhat wider tube B, and an air-jacket is thus formed 
between the tube A and the outer vessel The external vessel C contains 
^ stirring-rod, and either water or a freezing-mixture the temperature of 
t'^hich must be from 2® to 6° below the freezing-point of the solvent. 

2a 
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Tho thermometer is observed while the liquid is constantly stirred. At 
first the mercury sinks below the true freezing-point, but it rises again as the 
freezing commences. The highest position of tho mercury is read. 

When the freezing-point of tho solvent has 
f’lo. 111. been ascertained as the mean of several deter. 

minations, a known weight of the siibstanco 
tho molecular weight of which is required, ia 
introduced through the side-tube into A. Tlio 
liquid is then thoroughly stirred until (ho 
substance is dissolved, and the tomperaturo of 
freezing is again noted. Tho “ ice,” which 
consists only of the solidified solvent, will now 
form at a lower temperature than before, and 
the difference between the two temperatures 
gives the lowering of the freezing-point (D). 

Tho final accurate determination of (ho 
freezing-point must bo effected in all cases by 
removing the tube from tho jacket, and occa- 
sionally dipping it into tho freezing-mixture nnd 
moving it round until tho liquid freezes. When 
this takes place tho tube is immediately le- 
moved from tho mixture, wiped dry, nnd placed 
in the air-jacket once more. The “ ico ” will 
probably have melted by this time, if not 
allow it to do so, then attach tho air-jacket 
B and iraraerso it in the cooling- mixtiiro. 
Now stir constantly, carefully observing tho 
freezing and noting down the highest tem- 
perature as has been described above. 

The molecular weight (M) is then calculated 
from tho difference between tho two freezing* 
points which have been noted, by means of 
the formula given on page 433. 

A series of dotorminations may bo obtained 
Bkokvavs's Freezing-point if necessary, by adding successive quantities of 
Apparatus the substance to the same quantity of solvent. 

If the Molecular Coefficient of Depression (K) is unknown it 
can readily be ascertained by dissolving a definite quantity of a substance 
of known molecular weight in a weighed quantity of the solvent. Tho value 
of K is then calculated from the equation on page 433. The values of K for 
a few oomtnon solvents are for i 
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Water . 

. 19° 

Acetic acid 

. 39* 

Benzene . 

. 49° 

Phenol . 

. 75° 


For Practice in the Method use 6 grams of pure cane-sugar or of glucose ; 
dissolve this in 60 grams of water, for which K 19, and introduce into the 
outer vessel a mixture of ice and salt ; then proceed as has just been described. 


Example.— 12‘6 16 grams of glucose were di-ssolvcd in 92‘25 gram.s of water, 
the freezing-point of the water was depressed 1*45° C., and K== 19, therefore 
from the equation on page 433 


The molecular weight = 


K X W X 100 
1) X S 


19 X 12 T)16 X 100 
~T4y x~92-25’ 


179. 


Determination of Molecular Weight by the Boiling-point 
Method. 

824. When a Solid Substance is dissolved in a Definite Quantity 
of a Solvent, the Boiling-point of the Solvent is raised by an 
Amount proportional to the Number of Gram-molecules of the 
Dissolved Substance. 

A convenient and rapid process for the determination of molecular weights 
of solids, by the elevation of the boiling-point of the liquid in which they 
are dissolved, is described below. It is a modification by Walker and 
Lumsdon of the Landsbergor method. 

When the vapour from a boiling liquid is passed into another portion of 
the same liquid which contains a substance in solution, the vapour is condensed 
in the solution, and the heat thus generated raises the temperatifle of the 
solution to its boiling-point. The vapour issuing from the solution will then 
bo in equilibrium wjth the atmospheric pressure, and the temperature of the 
vapour will therefore be the same as the boiling-point of the solution. 

This principle is applied in the process which is described below. The 
vapour from the boiling liquid is first passed through another portion of the 
liquid until the boiling-point is constant. The temperature is then observed 
and a weighed^quantity is added of the substance whose molecular weight is to 
determined. The vapour of the solvent is then passed again until the sub- 
stance is dissolved and the boiling-point is constant, and either the weight 
or the volume of the solution of the substance is finally determined. 

In practice it is more convenient to measure the volume of the solution 
its boiling-point and to deduce its weight from this volume, but a 
somewhat more accurate result is obtained by weighing the solution. 
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From the weight of the solution thus determined and the elevation of 
boiling-point of the solvent, the molecular weight of the substance can then 
be calculated. In the arrangement devised by Landsberger the escaping 
vapour is made to form a jacket round the boiling solution, by this means 
the errors arising from superheating and radiation are largely reduced. 

The Apparatus required for the process is shown in Fig. 1 12, 


Fia. 112. 



Molxculab Weight by Elevation of Boiling-point. 

It consists of a bulbed inner vessel (A), which contains the solution of the 
substance. This vessel is connected by a tube (B C) with a flask (D) contain- 
ing the solvent to be boiled. The vapour issuing from this flask passes through 
the solution in the vessel (A), and escapes through a hole (JE) into the jacket 
{F) and thence into the condenser (0). The capacity of the inner vessel {A) 
is indicated by cubic centimetre graduations, and the vessel contains » 
thermometer {T) the stem of which is divided into at least tenths of a degree. 
In order to secure uniform and regular boiling of the liquid in the flask [D] a 
few pieces of unglazed tile are introduced, and a fresh piece of tile i^ 
added each time the boiling is started for a determination. 

The Method.*— 'Place from 5 to 10 o.o. of the solvent in the vessel {A) 
and about 150 o.o. of the solvent together with a few pieces of unglazed tile in 
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the flask [D). Connect the parts of the apparatus as is shown in the flgure, and 
then boil the liquid in the flask. The vapour will pass into the vessel [A) and 
will quickly raise the temperature of the solvent to the boiling-point. When 
the temperature becomes constant, read the thermometer to the hundredth 
of a degree by means of a lens. This temperature is the boiling-point of the 
solvent. 

Now disconnect the tubes {B 0) and pour out most of the condensed 
solvent from the vessel (d), leaving about 10 o.c. Introduce from 0*5 to 1 
gram of the substance into the vessel, place a fresh piece of tile in the liquid 
in the flask (D), connect the tubes {B C) as before, and start boiling the liquid 
again. The thermometer will rise rapidly, and will remain approximately 
constant at a temperature a little higher than the boiling-point of the solvent. 
The boiling-point of the solution will then slowly but continuously decrease 
as the quantity of liquid in the vessel (d) increases by condensation of the 
vapour. 

As soon as the highest temperature has been attained, read the 
thermometer accurately, stop the boiling in the flask, disconnect the tubes 
B G), remove the cork with the tube and thermometer, and quickly read the 
volume of the solution. The boiling-point of the solution is thus determined, 
and the difference between this boiling-point and that of the solvent gives 
the rise of boiling-point which is due to the presence of the substance. 

Further determinations should be made by using the solution already 
present in the vessel (A). For this purpose a fresh piece of tile is placed in the 
flask (D) and the boiling is started again. After two or three minutes’ boiling, 
readings of temperature and of volume are taken as before. These opera- 
tions are repeated, and several determinations of the molecular weight can be 
obtained in this way with the same quantity of the substance in the course of 
half an hour. 

When the molecular weight of the substance is high or its solubility is 
small, greater accuracy is desirable. To secure this the solution of the 
substance in the vaBser(i4) is weighed, after the removal of the thermometer 
and tube, at the end of the first determination, and the experiment is repeated 
after an additional quantity of the substance has been introduced. 

The Methods of Calculating the Molecular Weight from the volume 
and from the weight of the solution are shown below. If 
w sa the weight of substance dissolved ; 

V =a the volume of the solution in c.c, ; 

D * the elevation of boiling-i)oint observed ; 

K'sa the elevation for 1 gram-molecule of substance dissolved in 
1 c.c. of solvent; 

M a the molecular weight of the dissolved substance; 
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Then since there are ^-gram-molecules in V c.c. of solution, there will be 

to 

gram-molecules in 1 c.c. of solution. 

If the elevation for 1 gram-molecule in 1 c.c. of solvent = K', then the 

W ( V) \ , 

elevation for gram-molecules = ^^j-y ) x K = D, whence 

K'w 

M = vT) (*)• 


If on the other hand the solution is weighed each time, the following 
formula is arrived at by a similar process of reasoning ; 


M = 


Kw 

WD 


( 2 ), 


where K = the elevation for 1 gram-molecule in 1 gram of solvent, and W =* 
the weight of the solvent. 


.Vo/e. — If S = the specilic gravity of the solvent at its boiling-point, then — 

and K' = - 

S 


The values of K' and K for different solvents are as follows ; 


Solvent. 

K'. 

K. 

Alcohol , . 

1500 

1160 

Ether , • 

3030 

2110 

Water , • 

640 

640 

Acetone . . 

2220 

1670 

Chloroform . , 

2600 

3000 

Benzene 

3280 

2070 


For Practice In the Process, about O'G to 1 gram of the substance, ac- 
cording to its solubility, should bo used. The following substances and solvents 
will be found suitable : Urea in water ; benzoic acid in absolute alcohol ; naphtha' 
lene in chloroform ; and camphor in acetone. 

Example. — The following are the results obtained in an actual determination of 
molecular weight by the above method : 

0-829 gram of camphor was dissolved in acetone. The series of four successive 
observations, made by passing the vapour of boiling acetone into this solution, 
wore as follows : 
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Number of Experiment. 

1 

2 

3 

4 

Elevation of boiling-point in 
degrees Centigrade 

Volume of solution in c.c. . 

1-47 

8-1 

1-09 

10-7 

.0-71 

10-7 

0-64 

100 

1 


From the first experiment the molecular weight 
2220 X 0-829 


and from the subsequent experiments the values would ho 159, 155, and 151 
respectively. The average of these four values is 154 '7, a number pretty closely 
approximating to the value 152 calculated from the molecular forc^uU. 




PART VI. 

VOLUMETRIC ESTIMATION OF 
GASES AND VAPOURS. 


Introductory Remarks. 

S34. The measurement of gases and vapours, and the quantitative analysis 
of gaseous mixtures, usually involve special methods. They are therefore 
Veated of in a separate Section of the book. 

Methods have been already described for estimating dissolved gases by 
gravimetric processes, by titration with standard solutions, and by absorption 
in a suitable standard solution upon which they can produce a definite 
chemical effect, But the determination of the quantity of a gas frequently 
involves the measurement of its volume, either directly, or indirectly by 
noting the loss of volume which results from its absorption from a gaseous 
mixture. 

When the volume of a gas is dealt with, not only is special apparatus 
required, but special corrections and calculations must usually be applied 
to the results obtained in different estimations in order to make them com- 
parable one with another. These corrections are rendered necessary by the 
appreciable effect which changes of temperature and pressure, and the presence 
of varying amounts of moisture exert upon the volume of a gas. 

Since these particular characters also apply to vapours, it is convenient 
to describe vapour-density determinai^/ions in connection with the estimation 
of gases. 

The processes of measuring and analysing gases, which are describcti in 
detail in this Section, involve the use of comparatively cheap and simi'h- 
apparatus. They also either dispense with the use of mercury, or rcquiic 
it only in small quantity. ** 

The volume of a^as is frequently measured over water. This introduces 
a certm amount of error, since gases are soluble in water in varying degree. 
The results obtained by those processes are therefore somewhat inferior m 
accuracy to those yielded when the gases are measured over mercury. 
the simpler method of measurement over water is now very generally adopfrd 
for certain gases, and is found to furnish results of a very satisfactory nuluio 
440 
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when a sufficient volume of gas is .employed and proper precautions are 
taken. 

The error caused by the absorption of gas by water in the measuring 
apparatus may often be eliminated by previously saturating the water with 
the gas which is to be estimated. 

For the description of the larger and more costly forms of gas apparatus, 
and for directions regarding their use, reference may be made to SntUm's 
Vohmetric Analyai/f, Other books on general gas analysis are mentioned 
in paragraph 1021. 



PAET VI.-SEGTION XV. 


CALCULATION OE NORMAL VOLUME. CALIBRATION 
OP MEASURING-VESSELS. 


Calculation of Volume under Normal Conditions. 

835 * Tho molecules of a gas or vapour recede from one another under 
increased temperature or decreased pressure, and approach one another 
under decreased temperature or increased pressure to a far gi'eater extent 
than do the molecules of an ordinary liquid or a solid. 

The volume of a definite weight of any gas therefore varies appreciably 
with comparatively small changes of temperature and pressure, and the 
volume of a dry gas is also increased by the introduction of aqueous vapour 
when the gas is brought into contact with water. 

The volume of a gas is usually measured at the temperature of the labora- 
tory, and at the atmospheric pressure. Since however the temperature 
and atmospheric pressure within the laboratory are subject to variation, the 
conditions under which different meas»irements of gas are made may he 
dissimilar. 

The gas may also sometimes be measured while it is standing over water, 
and at other times while it Is exposed to some non-volatilo liquids ; the 
may accordingly either be saturated with water-vapour, or may be in the dry 
condition, and these differences will affect its volume. 

In order to render different measurements of the volumes of gases compar- 
able with one another, and to be able to calculate the weight of a gas, it 
therefore usually necessary to ascertain by calculation the volume whicli the 
gas would occupy in the dry state and at 0° C. and 760 mm. pressure. This 
is usually termed “ the volume under normal conditions,” 

836. Calculation of the Volume of a Gas under Normal 
Pressure.— The volume of a gas varies inversely as the pressure which la 
exerted upon it. Hence, if 

V — the observed volume of the gas ; 
p = the observed barometric pressure ; 

V„ = its volume at 760 mm. pressure (normal) ; 

442 
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Then V„ 


p X V 


This formula supplies the “ Correction for Pressure.” 

Note.— In very accurate determinations, the height of the barometer should 
be reduced to its equivalent at 0® C. If H represents the height of the barometer 
in mm. at 0°, and h the height which has been read at the temperature (t) of the 
laboratory, then II = A (1 - 0‘00017/°). 


837. Calculation of the Volume of a Gas at Normal Tempera- 
ture.— A gas expands or contracts by one two-hundred and seventy-third 
( = 0'003665) of its volume at 0 ° C., for each degree Centigrade rise or fall 
in its temperature. Hence, if 

V — the observed volume of the gas ; 
t = the observed temperature ; 

= its volume when reduced to 0*^ C. (normal) ; 

Then V = ^ - ^ . 

^ 213 + t 1 -p 0*003G65f ’ 

These formula) supply the ” Correction for Temperature.” 

838. Calculation of the Volume of a Gas in the Dry Condition.— 
Wlien equal volumes of gas are saturated with aqueous vapour at the same 
temperature, they always contain the same quantity of vapour. The quantity 
of vapour present increases as the temperature rises, and decreases as the 
temperature falls. 

Ihe water- vapour which is mingled with the gas exerts a certain pres.surD, 
which is commonly termed the Tension of Aqueous Vapour. 

The pressure of the vapour varies with the temperature in the same 
proportion as its amount varies. This pressure is usually expressed in mm. 
of mercury, and has been very accurately determined for each degree of 

temperature ( 983 ). 

Ihe tension of aqueous vapour acts in opposition to the barometric 
ptessuie, and tends to ijjcrease the volume of a gas. Hence correction is 
made for its effect upon the volume of the gas, by subtracting its amount 
m mm. from the barometric pressure. Thus if u? is the tension of aqueous 

vapour in a volume of moist gas under pressure p, the true pressure on the 
gas = p - 

339. General Formula for the Calculation of the Volume of a 
3*8 under Normal Conditions. — The preceding corrections are com- 
*ned into one expression in the following formulae, in which V representa 
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the volume of the dry gas at normal pressure and temperature, after corrcctioi 
for saturation with moisture if necessary : 

p X 273 X V p X w 

"'760(273 + t) “ 76^1 -f O.(W36650‘ 


( 1 ) For a di'y gas, V = 


(2) For a moist gas, 

XT (P ■■ w)) 273 X 0 {p-tu) X V 

“ ‘~760{273 + 0 “ 760(1 + 0-0036^’ 

These formulae serve to correct the volume of a gas for temperature, 
pressure, and aqueous vapour. 

The factors which are given in the Table ( 984 ) will bo found useful for 
quickly calculating the normal volume of a gas. 


The Alteration of Volume which a ga« suffers by change of absolute tempciatiiro 

PV P V 

and pressure may be calculated from the following expression : -rp «= : wlicie 

1 1 , 

P, V and T represent the original pressure and volume, and at the absolute Imi- 
perature (273 + t), and Vj and represent these conditions when altered. 


Calibration op Measubing-tobes. 

840 . The graduations on tubes for measuring gases represent eitlicr 
absolute c.c, and fractions of c.c. capacity ( 243 ), or lengths in millimelics on 
the tube. 

If the marks represent millimetre spaces on the tube, the value of oath 
graduation in terms of c.c. must be ascertained. Since a glass tube li 0 ‘ 
quently varies in diameter in different parts, and equal lengths on different 
parts of a graduated tube do not therefore necessarily correspond to cquul 
capacities, it is usually necessary to calibrate the tube throughout its length. 

Mercury and water are the two liquids in common use for calibrating 
measuring-tubes, 

841 . Calibration of the Measuring-tube bj means of Mercury ^ 
The tube is supported vertically with its open end upwards, and succes^siv® 
equal weights of mercury are poured into it from a little tube about 4 c.c. 
in capacity. The space in the tube which is occupied by each portion of 
mercury is noted by means of the graduations, and the true volume of tho 
mercury is then calculated from its weight. The capacity of the tube at 
every graduation oan then be determined by oaloulation ( 842 )* 

842 . Calibration of the Measuting-tvhe used in Meyer's Vapour -dens^^y 
Apparatus (921).— Fix the clean tube in a wooden clamp and make it truly 
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vertical by hanging a plummet beside it and sotting the side of the tube 
pcarallel with the line of the plummet (Fig. Il3). 

Now prepare a small vessel, about 4 c.o. in capacity, by drawing out a piece 
of glass tube at one end in the blowpipe-flame, and grind the edge of the open 
end perfectly level and smooth. Hold this vessel in a little wooden clamp, 
and fill it with mercury from a bulbed tube which can be closed by means 
of a stop-cock (Fig. 114). 

As soon as the vessel is quite filled, slide a glass plate along the ground 
edge of the tube ; this will remove the excess of mercury, and will leave the 

Fro. 113. 



purface of the metal. exactly level. Now pour the mercury from the vessel 
into the graduated tube.# Remove the air-bubbles, which adhere to the 
inside of the tube, by means of a thin piece of lance- wood or whale- bone ; 
und then read the level of the highest point of the meniscus of the mercury 
V means of the graduations. 

Pill the vessel in a similar way repeatedly, emptying it each time into 
fbe graduated tube and carefully reading the level of the mercury after 
®ach addition. 

These readings are most accurately taken by means of a oathetometer 
I043) placed at some distance from the tube. 
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If the cathctometer is not employed, great care must bo taken that tlio 
eye is placed on tho same level as' the mercury surface. This may bo secured 
by holding a small vertical mirror behind tho tube, in which the reflection 
of the eye is seen behind that of the meniscus. Tho reflection in the mirror 
of the highest point of the meniscus must bo seen at the centre of tho pupil of 
the eye during the reading. A piece of cardboard may bo slipped down 
behind the tube until its shade sharply defines tho mercury surface. 

The weight of mercury which fills the small vessel is now accurately 
determined, and tho temperature of the riir is noted. Tho capacity of the 
tube between the successive readings may then be found in c.c. from tlio 
following expression i 

j; X (1 +0 0001430. 

^ "" 13"'596 ' " 

in which {g) represents the weight of the mercury in grams, and (/) tho tempera- 
ture at which tho calibration is made ; while 0-000143 is the coeflicient of 
expansion of mercury and 13-596 is its specific gravity. 

Tho method of calculating the capacity of the tube at each graduation 
will be understood by reference to paragraph 258 ; but the “ error of meniscus” 
(844) must be added to each volume thus obtained, if the tube is used for 
measuring gas over mercury. 

The capacities do not however require a meniscus correction if the gas is 
measured over water, for a reason which is explained on the next page. 

843 . The Cathetometer consists of a horizontal telescope sliding on a 
vertical stem. Tho telescope is focussed on the tube and is set in a horizoiilal 
position by means of a spirit-level ; it is then moved vertically on the stem, by 
turning a screw adjustment, until tho point of intersection of the cross-wires exactly 
corresponds with the highest point of tho mercury meniscus, and the graduation 
is read off. Since the telescope is always horizontal, errors of parallax arc tbua 
avoided. 

844. Error of Meniscus.— During the process of calibration, the convexity 
of the mercury is turned towards tho open end of the tube (Fig. 115), but in 
tho measurement of a gas the convexity will be in the opposite direction (Fig- 
116). Hence it is obvious that the volume of n#rcury, which is measured 
during the calibration in the inverted tube (Fig. 115), is less than tho volume of 
the gas which is measured when the mercury stands at the same division in tbo 
erect tube (Fig. 116). 

The correction, which is thus rendered necessary, is determined by reading 
the position of tho meniscus in the inverted tube (Fig. 115 ), and then introducing 
a few drops of mercuric chloride solution and again reading the level of tbo 
mercury surface. The solution overcomes the repulsive action of the glass upon 
the mercury, and immediately causes tho mercury surface to become flat (Fig. 

Thus in Fig. 116 the top of the meniscus just touches division 39, whor®^ 
In Fig. 117 the mercury stands at 38*7. showing a depression of O'S. 
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If gas were measured in the tube, and the mercury stood at division 39 (Fig. 
116), and if it were possible to overcome the repulsive action of the glass as before, 
the horizontal surface would stand at 39-3. Therefore the volume between 387 
and 39-3, that is 0 6, would escape measurement. Hence 0‘G is the Error of Meniscus 
in this tube. 

In practice this error is accordingly equal to double the difference l)ctwccn the 
reading of the convex surface of mercury, and the reading when the surface is 
levelled by means of mercuric chloride sohition. This number must bo added tc 
the calculated capacity of the tube when the volume of the gas is read over mercury 
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The abowanco for mcniscus-error is usually made when the calibration value of the 
tube is being calculated. 

If the tube is to be used for the mcasuivmont of gas over water instead of over 
mercury, the capacity actually observed in the calibration with mercury should 
be taken without making any correction for meniscus. The convex surface of the 
mercury during calibration will almost coincide with the concave watcr-siirfacc 
tv on the tube is used in an inverted position, and tho error of meniscus will 
t ereforo be absent when volumes of gas are read over water. 

845* Calibration of the Measuring-tube in the Lunge Nitrometer (89O). — 
he measuring-tube of the Lunge nitrometer may bo readily calibrated by 
detaching it from the apparatus, stopping tho bottom, and then filling the tube 
Up to the commencement of the graduations with mercury. Tho tube is 
clamped vertically (Fig 113, p. 445). Successive equal volumes of mercury 

then added from the small tube (Fig. 114, p. 445), and tho readings are 
a en as has been described in paragraph 842. The capacity of tho tube 
etween successive readings is obtained from the formula given on page 446. 
0 correction for meniscus is necessary in this case. 
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Care must bo taken that very small measures of mercury are used from 
2 c.c. to zero, if small volumes of gas are to be measured. 

846. Calibration of Measuring-tubes by means of Water.— Thig 

method depends upon ascertaining the capacity of successive portions oi 
the tube by introducing successive known weights of water at a known 
temperature into the tube, or by allowing them to flow from it. The volume 
of the water is calculated from its weight, and from this volume the capaoily 
of the tube to each graduation may be ascertained (258). 

Calibration of the Ilempel Burette (Fig. 118, p. 450).— Since the measure- 
ment of gas in this burette is made over water, the calibration of the measuring- 
tube should be made by means of that liquid in the following manner ; 

Disconnect the clean measuring-tube (255- ^ofe) and attach to its lower 
end, by a rubber joint, a glass tube about 10 cm. in length with a stop-cock in its 
middle.. The end of this tube must be drawn out into a fine jet, and the 
stop-cock must be rigidly attached to the measuring-tube by means of thick 
rubber tube bound with thin copper wire, the ends of the glass tubes toucli- 
ing one another within the joint The jet should be bent downwards, eo a3 
to allow the water to flow from it into a vessel held beneath. 

Now completely fill the measuring-tube and stop-cock tube with distilled 
water which has been recently boiled and then cooled to the tempeiatiiie 
of the room, and take care that all air-bubbles are removed from the tuhe, 
Then draw off into a stoppered weighing-bottle successive portions of water, 
which measure 6 c.c. each in the burette, reading off the lowest point of tlie 
surface-meniscus of the water (Fig. 80, p. 142) in measuring the volume. 

When the top of the tube is being calibrated, smaller volumes of water 
be drawn off, if the tube is to be used for measuring small volumes of gas. 

Weigh each of these portions of water, noting down the weight and the 
temperature of the water with the corresponding reading on the tube, and 
carefully drying the bottle after each weighing. 

From the weights of water thus obtained, the corresponding absolute 
volumes are calculated by applying the correction for the expansion of fitcr 
from the Table (982). Thus if the first 6 c.c. weighed 4‘86 grams at 20 ' C. 
its absolute volume would be 4*86 x 1*00157 = 4*868 c.c. 

It will be seen that this calibration is similar to that employed for the 
calibration of the burette (257), calculation of the capacity is 

as is directed for that process (258). 

Caution.— It should be remembered that in all measurements, in which 
water or any other liquid which wets glass is used, it is necessary that a certaio 
time should be allowed for the liquid to drain down the sides of the measuring* 
tube. The time will vary from half a minute to 6 minutes, according to thf 
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nature of the liquid. For ordinary operations with water an interval of two 
minutes will suffice for this purpose. 

847. A Convenient Method of Recording the Results of Calibration 

is in the form of a curve plotted upon squared paper. The divisions on the 
tube should be plotted horizontally, and the correct capacities vertically. 
The curve thus constructed will give the true capacity at any division by 
direct inspection. 
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This apparatus consists of two parts, the Burette, which includes s 
measuring-tube and a pressure-tube, and the Pipette. The gas is usually 
measured over water or some aqueous solu- 
Fio. 118. fcion. 

A special form of Burette must be usrd 
when the gas cannot be measured over water 
on account of its solubility in that liquid 
(86i). 

857. The Hempel Gas-burette (Fig. 1 
consists of two connected glass tubes. One 
of these (a) is not graduated, and is called 
the PreMure-tuhd. The other (6), known 
the Measuring -tube, is usually graduated into 
100 c.o. with 0*2 c.c. divisions. 

The Pressure-tube is expanded at its upper 
edge. The Measuring -tube is contracted at 
the top, and terminates in about 2 cm. of 
thick- walled capillary-tube ; it is calibrated 
as is directed in paragraph 846. 

The lower ends of these tubes are con- 
h'acted in diameter, and are bent at right 
angles. They are fitted into slots in serai- 

Th* Hempel Bueette. 

nected with one another by a few feet of narrow 
ubber tubing. This rubber tube may be divided in the middle, and then joined 
by a short piece of glass tube ; the cleaning of the burette i^thus facilitated, 

858. The Hempel Gas-pipette.— The Hempel pipette is used in connec- 
tion with the burette as an absorbing-vessel. It is shown in its simplest 
form in Fig. 119. By submitting a gaseous mixture to the successive action 
of suitable absorben reagents (862-869) in a series of these pipettes, the 
460 
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proportions in which the constituent gases are present in the mixture may 
be ascertained. 

The simple pipette (Fig. 119) consists of two connected bulbs, (c) and (d), 
which contain the absorbent liquid. The bulb (c) terminates in a U-shaped 
capillary tube (a). Behind this tube is a white porcelain scale (J), which 
renders the thread of liquid in the capillary visible when the pipette is in use. 

A more complex form of absorption-pipette is shown in Fig. 120. The 
bulb (c) is cylindrical in form, and is tubulated below so as to render the intro- 
duction of a solid absorbent possible. 

Both these forms of the pipette may be fitted with two extra bulbs (m, n), 
as is shown in Fig. 120. These bulbs are partially filled with water ; they 
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prevent the external air from coming into contact with the absorbent, and 
retard the escape of vapour from a volatile absorbent. 

859* Fitting together the Hempel Apparatus.— Tlio burette is con- 
nected with the pipette in the manner shown in Fig. 121. Two short thick 
pieces of rubber tube, each carrying a spring clip, are slipped upon the 
capillary top of the measuring-tube, and upon the capillary-tube (a) of the 
Pipctto. These rubber joints are tightly bound upon the glass with wire, 
as to make them gas-tight. A single clip upon the measuring-tube (b) 
^•11 usually be found sufficient, the other clip being dispensed with. 

A piece of thiclfrwalled glass tube, 1 millimetre in internal diameter and 
•‘hout 20 cm. in length, is then bent twice at right angles (c, Fig. 121). Each 
^fid of this tube is pushed into one of the pieces of rubber tube. Connection 
can now be opened between the absorption-pipette and the measuring-tube 
simply releasing the clip. The measuring-tube and the absorption-pipette 
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can also be disconnected one from the other, without allowing their contents 
to come into contact with the atmosphere, 

860. Manipulation of the Hempel Apparatus.— The following is a general 
description of the method of using the Hempel apparatus for gas-analysis. 

Taking the Sample for Analysis. — Disconnect the pipette (a), leaving the 
tube (c) and the rubber tubes and clips attached to the mea.suring-tube (6). 

Raise the pressure-tube {il), which has 
been filled with water, preferably satu- 
rated with the gas to be analysed ; then 
open the clij) and pour water into the 
pressure-tube, until the measuring- tube is 
full of water and the water begins to flow 
over from the bent tube (c). 

Now close the rubber tube (a) by the 
clip and squeeze the end of the tube be- 
tween the finger and thumb, so as to 
exclude air while it is being connected with 
the vessel containing the gas which is to be 
examined. Thenplacolhepressure-tiibe(^/) 
at a lower level than the measuring-tube 
(6), and open the clip again. The gas will 
thus bo drawn over into the measuring- 
tube. 50 c.c. will bo found to be a con- 
venient volume for working purposes. 

In order to avoid calculation 100 c.c. of 
the gaseous mixture may bo used, since the 
volumes of the constituent gases which are 

Tub Hempel Gas-apparatus. obtained in the analysis then represent at 
once percentage proportions of the mixture. 

In order to obtain exactly the required volume in the burette, proceed as 
follows ; As soon as rather more than the required volume of gas has entered 
the measuring-tube, close the rubber tube by the clip. Now close the long 
rubber tube, which connects the measuring-tube with the pressure-tube, by 
pinching it with the fingers. Raise the pressure-tube, and by relaxing the 
fingers allow water to flow into the measuring-tube until it precisely reaches 
the required graduation. Then at once arrest the inflow of water by pressure 
of the fingers on the rubber tube. Now open the top of the measuring-tube, 
by relaxing the pressure of the clip for a moment, so as to allow the excess 
of gas to escape into the air and to leave the remainder at atmospheric pressure. 
Next proceed to verify the volume of the gas in the measuring- tube, wbe" 
the water is brought to precisely the same level in both tubes. 
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The temperature of the room and the uarometric pressure need not usually 
be read in an ordinary analysis, since these conditions do not appreciably 
vary during the series of estimations, which are of relative, volumes only. 
But if for any reason the absolute volume of the gas is to be found under 
normal conditions, or its weight is to be calculated, the thermometer and 
barometer must be read, since it then becomes necessary to calculate the 
volume of the gas under normal conditions (839). 

Charging the Pipettes . — Now charge each pipette with its special absorption- 
reagent (862-869), filling the bulb (c, Fig. 119 , p. 4.')1 ) completely, but allowing 
only a small quantity of the liquid to remain in (d). The liquid is introduced 
by pouring it through a funnel into the wide tube above (d), and should then 
be drawn nearly to the top of the porcelain scale by applying suction to the 
apillary-tube (a), and before a measurement of gas is taken the liquid should 
always be brought again to the same level in this capillary tube. 

When the pipette is not in use, the reagent should bo protected from 
contact with the air by closing the wide tube with a cork, and the capillary 
tube with a short rubber tube which is stopped with a piece of glass rod. 

Process of Absorption . — After the volume of the gaseous mixture has been 
noted down, proceed to absorb its constituent gases successively. For the 
purpose connect the measuring- tube with the absorption -pipette by means 
of the bent capillary-tube, squeezing the end of the rubber tube meanwhile 
with the fingers so as to exclude air. Then raise the pressure-tube and relax 
the clip, so as to drive the gas over from the measuring-tube to the absorption- 
pipette. As soon as the gas has pas.sed completely into the bulb, close the 
clip, gently shake the contents of the bulb, and allow the gas to stand in 
contact with the absorbent for five minutes. 

Then transfer the gas back to the mea.suring-tube again by lowering the 
pressure-tube and relaxing the clip, and as soon as the gas has passed over 
close the clip again. 

Now raise the pressure-tube until the water in both tubes is at the same 
level after allowing an interval of two minutes for the water to drain from the 
side of the tube, and read off the volume of the gas. 

Transfer the gas again to the pipette, and shake it gently with the reagent 
for a minute ; then measure its volume once more in the burette. If the 
volume is the same as before, the absorption is complete ; the volume of the 
gas is therefore noted down, and the next absorption is proceeded with. 

If a further decrease of volume occurs when the gas is exposed a second 
time to the same absorbent, the absorption must be repeated ; but it is rarely 
Necessary to resort to a third absorption in order to remove a gaseous con- 
8 ituent completely. 

Subsequent absorptions are effected by a procedure precisely similar to that 
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which has been just described, each gas being absorbed by a special and suitable 
reagent (862-869)* ^ separate pipette should be kept for each reagent. 

861 . The Winkler Burette.— Another form of burette, known as the Winkler 
burette, must be employed for the analysis of gaseous mixtures which contain 
a constituent soluble in water. 

ft is of the same shape us the Hem pel burette, but the top of the nieasmlng- 
tube is supplied with a stop cock, and the bottom with a three-way cock similar 
to that shown in Fig. 123 (p. 406). By this arrangement the measuring-tube can 
be cut off from the water in the pressure- tube, and a stream of gas can be passed 
through the stop-cock into the measuring- tube, and thence out into the air bymeans 
of the three-way cock. 

The measuring-tube is 100 c.c. in capacity, and is graduateil in fifth.s of a c.e. 

Before the measnring-tubo is used, it must he dried. This is most rapidly 
effected by rinsing it out with alcohol, then with ether, and finally blowing fiir 
through it from bellows. 

The measuring-tnbe is filled with the gas to be examined, either by passing 
a continuous current of the gas through it until all the air has been displaced, or 
by filling the tube with mercury and letting the gas displace the mercury. The 
stop-cocks are now closed, and 100 c.c. of the gas under atmospherio temperuture 
and pressure are obtained for analysis. 

Water may then be allowed to flow into the measuring-tube from the 
pressure-tube in order to absorb the soluble gas, or tjie mcasining-tubo may be 
connected with a Hem pci pipette, and the further manipulation of the burette 
may be conducted as with the Uempel burette. 


Reagents used for the Absorption of Gases in the 
Hempel Pipette. 

TTie following directions serve for the preparation of absorption-reagents 
of suitable strength for gas-analysis : 

862. Potassium Hydrate Solution.— Dissolve 160 grams of ordinary 
potassium hydrate in 1.30 c.c. of water: this will furnish about 200 c.c. of 
solution. 

The solution is used for absorbing carbon dioxide, and acid gases generally- 

863. Alkaline Pyrogallate Solution.— Dissolve 10 grams of py^®* 
gallic acid in 200 c.c. of the above potassium hydrate solution ( 862 )* 
solution should be kept in a pipette of the simple form (Fig. 119, p. 451 )» 
openings of which are carefully closed from the air when the pipette ia not 
in use ; or the pipette may be provided with the two guard-bulbs (w> 
shown in Fig. 120. 

This solution is used for absorbing oxygon. 
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Nota.—ll this reagent is prepared according to the preceding directions, no 
carbon monoxide is evolved during the absorption of oxygen ; but departure 
from the above proportions may involve serious error in the estimation from 
this cause. 

864. Cuprous Chloride Solution.— Pass sulphur dioxide into a 
solution of 1 part of sodium chloride and 2 parts of crystallised copper sulphate, 
and wash the precipitate of cuprous chloride by decantation, first with solu- 
tion of sulphurous acid, and then with glacial acetic acid. Then press it 
between filter-paper and dry it in a vacuum desiccator ( 63 ). 

During its prepaiution, storage and use, both this substance and its solution 
must bo excluded from fi'oo contact with the air. 

The salt is employed either in ammoniacal solution (a) or in acid solution 
(b). The acid solution is generally used, unless the combustion of hydrogen 
by palladiniscd asbestos ( 881 ) is to follow the absorption by cuprous chloride, 

The solution is used for absorbing carbon monoxide. 

(a) The Ammoniacal Sohdhn is prepared by suspending 15 grams of 
cuprous chloride in about 100 c.c. of water, contained in a flask of about 
250 c.c. capacity, and passing ammonia uas into the liquid until all the cuprous 
chloride is dissolved and the .solution assumes a pale blue colour. The liquid 
is then diluted to 200 c.c. One c.c. of the solution thus prepared can absorb 
about 6 c.c. of carbon monoxide, before it becomes saturated with the gas 
and useless for further absorption. 

(b) The Acid Solution is prepared by dissolving 27 grams of cuprous 
chloride in 200 c.c. of hydrochloric acid of 1*124 specific gravity. One c.c. 
of this solution can absorb about 10 c.c. of carbon monoxide. 

865* Alcohol.— Rectified spirit is used for absorbing the vapours of 
hydrocarbons generally. 

866 . Iodine Solution.— Solution of iodine in potassium iodide solu- 
tion of about decinormal strength is used for absorbing sulphur dioxide. 
Potassium Bichromate in saturated solution may be used for the sanie purpose. 

867. Ferrous Sulphate, in cold saturated solution, is used for absorb- 

nitric oxide. Potassium Permanganate solution acidilied with sulphuric 

acid may be used for the same purpose 

868 . Bromine-water, made by shaking bromine with water until some 
bromine remains undissolvcd, is used for absorbing the olefine hydrocarbons, 
Pnming Sulphuric Acid serves the same purpose. 

869. Fuming Nitric Acid may bo used for absorbing the vanour of 
benzene and the olefine hydrocarbons. 
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Collection of Gas for Analysis. 

870. The Method selected for Collecting a Sample of Gas will 

vary according to the conditions under which the gas has to be taken, conveyed, 
and stored. When the gas is collected in the laboratory, it is generally passed 
direct into the Hempel burette ( 86 O) or the Winkler burette ( 861 ) ; and if a 
larger quantity has to be stored, it is collected in a glass gas-holder. Tf the 
gas must not come into contact with water, it may be passed up either into 
a tube filled with mercury which is closed by inverting its open end in a 
vessel of mercury, or into a small bell-jar closed with a stop-cock and filled 
with mercury. 

A sample of gas which has to be collected away from the laboratory may 
occasionally be taken and safely stored as is directed above ; or it may be 
collected by the displacement of air, water, or mercury from a bottle or flask, 
which is then closed by a tightly fitting cork, both the upper part of the 
cork and the neck of the vessel being finally uniformly coated with melted 
paraffin-wax or sealing-wax. 

The sample is however usually sealed in a glass tube, which is made by 
drawing off a piece of broad glass tubing near each end to capillary bore, 
leaving the intermediate tube with a capacity of from 50 to 100 c.c. The 
air is displaced from the tube by passing through it a stream of the gas, 
either by its own pressure or by suction applied by an aspirator ( 80 , V]t)> 
After a free current of the gas has passed through the tube for at least fifteen 
minutes, the two capillaries are sealed by being drawn off in the blowpipe 
flame. 

If the supply of gas which is available is small, the tube is prepared as 
is directed above and the air is removed from it by a good air-pump. Tho 
tube is then sealed, and one end is opened in the gas tojbe collected ; the tube 
is then sealed again after it has become filled with the gas. 

When the sample is to be withdrawn into the Hempel burette, a file-mark 
is made near each end of the sample-tube. One end ii||then attached by Ibe 
rubber, joint (a. Fig. 121, p. 452) to the Hempel burette, while the other end 
is immersed in a vessel of water or other suitable liquid. Both the ends are 
then broken off, and the gas is drawn over into the burette in the usual way 
by lowering the pressure-tube (d). 


Estimation of Gases by Absorption in the Hempel Apparatus. 

871 * The method of estimating the constituents of several ordinaiy 
»aseous mixtures, by means of the Hempel apparatus, is given below. It 
will be understood that the volume of each constituent gas is ascertained by 
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the difference in the volume of the mixture before and after the absorption of 
that constituent. 

The general procedure and manipulation have been already described in 
paragraph 860, particulars of the absorbent-reagents are given in paragraphs 
862-869, and methods of collection will bo found in paragraph 870. 

The analysis is rendered more aecurate by previously saturating the water 
in the burette with the gaseous mixture which is to be analysed. 

This also applies to the solutions contained in the absorptioiiipipettes, 
but since similar gaseous mixtures are generally analysed by using the same 
pi[)ettes, the liquid in each pipette will gradually become saturated with the 
gas. When however a fresh solution is employed, the second and third 
dotorininations made with the solution will, for the above reason, be more 
accurate than the first, unless a preliminary saturation of the solution with 
the neoos.sary gas has been effected. 

Since the atmospheric temperature and pressure do not vary appreciably 
during any one gas analysis, it will not usually be necessary to correct the 
gaseous volumes for pressure and temperature (839) before calculating the 
percentage volumes of the constituents. 

872. Estimation of Carbon Dioxide in Furnace Gases.— Employ a 
simple absorption- pipette (858) containing the solution of potassium hydrate 
(862). A more exact method of estimating a small proportion of carbon 
dioxide in air is described in paragraphs 912-914. 

873. Estimation of Oxygen in Atmospheric Air - Charge the 
absorption- pipette with a strong solution of alkaline pyrogallate (863)- 

The average percentage of oxygen by volume is 20 ’ 96 . 

874. Estimation of Carbon Dioxide, Oxygen, and Nitrogen in a 
Mixture. — Absorb the gases in the following order by the reagents 
specified ; 

( 1 ) Carbon dioxide, by potassium hydrate solution (862). 

(2) Oxygen, by alkaline pyrogallate solution (863)* 

( 3 ) Measure the residual nitrogen. 

875. Estimation of Carbon Dioxide, Oxygen, Carbon Monoxide, 
^nd Nitrogen in a Furnace Gas. — Absorb the gases in the following order, 

the reagents specified : 

( 1 ) Carbon dioxide, by potassium hydrate solution (862). 

(2) Oxygen, by alkaline pyrogallate solution (863)- 

( 3 ) Carbon monoxide, by freshly prepared cuprous chloride in acid solution 

( 864 > b). 

14 ) Measure the residual nitrogen. 
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876 - Estimation of Carbon Dioxide, Olefines, Benzene, Oxygen, and 
Carbon Monoxide, Hydrogen and Methane in Coal-gas, Generator-gas, 
and Similar Mixtures.— Absorb the gases in the following order, by the 
reagents specified, using a Hempel burette containing water saturated with 
the original gas which is to be analysed : 

( 1 ) Carbon dioxide, by potassium hydrate solution ( 862 ). 

( 2 ) Olefines, by saturated bromine-water (868), subsequently removiiiL; 

the bromine- vapour by mcaas of potassium hydrate sohilion 
in a seijarato pipette {Note). 

( 3 ) Benzene, by fuming nitric acid, subsequently removing the nitrogiri 

oxides by means of the potassium hydrate pipette (Note). 

( 4 ) Oxygen, by alkaline pyrogallate solution (863). 

( 5 ) Carbon monoxide, by freshly made ammonical cuprous chloiiile 

solution (864* S'). 

(6) The residual gas is transferred to a Hempel pipette charged with 

water, and hydrogen and methane are estimated as is directed 
in paragraph 882. 

.( 7 ) Nitrogen will then remain as a residue, 

.Nofe.— In the above process, the separate absorption of the olefine liydio- 
carbons and benzene by bromine- water and by nitric acid respectively is not \eiy 
satisfactory. An alternative method consists in absorbing these substances 
simultaneously by fuming sulphuric acid, followed by caustic potash solution. 

877. By employing the Winkler Burette (861) or the Lunge 
Nitroireter (894) the following gases, which are more or less soluble in 
water, can be estimated by means of the absorbents specified in each case ; 

Ammonia, by dilute sulphuric acid. 

Nitrogen peroxide, by concentrated sulphuric acid, or by a solution cl 
potassium permanganate acidified with sulphuric acid. 

Nitric oxide, by a concentrated solution of ferrous sulphate, or by potassium 
permanganate acidified with sulphuric acid. 

Nitrous oxide, by alcohol. 

Chlorine, by solution of potassium hydrate (862). 

Hydrochloric acid, by the same. 

Hydrogen sulphide, by the same. 

Sulphur dioxide, by the same, by iodine solution (866), or by saturated 
solution of potassium dichromate. 



878-881J 


HYDROGEN BY COMBUSTION. 


459 


Estimation of Gases by Combustion in the Hemtee Apparatus. 

878. Estimation of Hydrogen by Combustion in Air aided by 
Palladinised Asbestos. — The hydrogen is mixed witli air, and is passed 
through a glass or fused silica tube of 1 millimetre bore which contains a 
fibre of asbestos covered with finely divided palladium (Note). 

The asbesl 08 is gently heated while the mixture of hydrogen and air Is 
being passed over it. The hydrogen combines with the oxygen of the air 
to form water, which occupies no appreciable space. The contraction in 
volume which occurs as a result of the combination is therefore noted, and the 
volume of hydrogen which was originally present will be equal to two-thirds 
of this contraction. 

Hydrogen gas is readily burnt in this way, carbon monoxide, is burnt 
more slowly, and methane is not burnt at all. 

Note. — A narrow palladium tube, or a glass or fused silica tube packed with 
small pieces of palladium, may replace the tube containing [)alla(liniscd asbestos, 

879. Preparation of the Palladinised Asbestos. — Dissolve 1 gram of 
palladium in aqua regia, and evaporate the solution to dryness on the water- 
bath in order to remove free acid. Dissolve tho residue in a small quantity of 
water, add about 6 c.c. of a saturated solution of sodium formate, and then add 
sodium carbonate solution until the reaction of tho liquid is strongly alkaline. 

Introduce into this liquid about 1 gram of soft long-fibred asbestos, which 
should ab.sorb the whole of the solution. Remove the asbestos and heat it on 
the water-bath until it is perfectly dry ; then soak tho fibres in a little water, 
place them in'a funnel, and wa-sh out the soluble s.Hlts. 

The palladinised asbestos prepared in this way Is of a grey colour, and contains 
about 50 per cent, of palladium. It will cause a mixture of hydrogen and 
oxygen to combine at the ordinary temperature of the air, but the combination 
proceeds more rapidly when the fibre is heated. 

880. Preparation of the Capillary Combustion-tube.— Procure a piece of 
fused silica or thiok-wallcd hard glass tube one millimetre in boro and 20 cm. in 
length. Then lay a few loose palladinised asbestos fibres ( 879 )* ubout 4 cm. in 
length, side by side on smooth filter-paper, moisten them with a drop or two of 
water, and twist them into a thread about as thick as stout sewing-cotton. Take 
up this thread with the forceps and push it down the tube, which is meanwhile 
held vertically. Now fill the tube with water, and bring the asbestos thread into 
the middle part by shaking the tube. Then drain off the w’ater, dry the tube, 
and bend down its ends at right angles. The tube is now ready to take the place 
of the ordinary capillary-tubo (c, Fig. 121, p. 462). 

881. The Process of Estimation of Hydrogen. — It is well to obtain some 
experience, by performing several estimations with known volumes of hydrogen 
and air, before an estimation of an unknown volume of hydrogen is made by 
fbe following process 1 
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The volume of hydrogen which is taken for the estimation sliould not 
exceed 25 c.c. Read ofT the volume precisely, then lower the pressurc-tubo 
of the burette and allow about 75 c.o. of air to enter the measuring- tube. 
Thi.s will su[)ply more than sufficient oxygen to burn all the hydrogen. Now 
road the total volume of the gaseous mixture accurately, after levelling the 
water, and interpose the capillary combustion-tube between the burette and 
a simple ab.sorption-pipette (858) which is charged with water only. 

Next heat the middle of the tube (880) much short of ledness over a 
small flat gas-flame or the flame of a spirit-lamp, and cause the gaseoiK 
mixture to pass through the tube from tlie measuring-tube into the pi])ette by 
raising the pressure-tube. Tlie end of the asbestos thread will usually glow 
when the gas reaches it, but the flame must not be removed if the tube is of 
glass, else water may conden.se and cau.se it to crack ; a silica tube does not 
crack under those conditions. 

As soon as the gas has pa8.scd over completely, draw it back again through 
the heated tube into the measuring-tube. Then cause the gas to pa.ss 
again forwards and backwards over the heated asbestos. In the case of a 
readily combustible gas like hydrogen, the combustion should now be complete. 
Read olT the volume of the gas again accurately, and note if it becomes further 
reduced after the gas has been once more passed over the hot asbestos. These 
processes must bo repeated until no decrease of volume is noticed after the 
last passage of the gas over the heated asbestos. 

By subtracting the volume of the residual gas from the original voluiiio 
of the mixture, the contraction of volume which has been caused by ihi' 
combustion of the hydrogen is found. The volume of hydrogen which has 
been burnt is equal to two-thirds of this contraction. 

Example.— In a particular estimation, the following numbers were obtained : 

The volume of hydrogen em[)loyed = 22 8 c.o. 

The total volume of hydrogen -t- air =* 98 0 c.o. 

Hence the volume of air added — 98 0 - 22 8 =- 75 2 0 . 0 . 

[Assuming the percentage volume of oxygen in air to be 21, the volvmie of 
oxygon introduced -■ 16'8. Now 22'8 c.c. of hydrogen require 11 A c.c. of oxygon 
for their complete combustion ; hence, even if the gas under analysis were all 
hydrogen, there would be 4'4 c.c. more oxygen than is required for the combustion of 
the gas, and therefore an excess of oxygen must have been present.] 

The volume of residual gas after the combustion -■ 64 0 c.c. 

Therefore the volume of gas which has disappeared during the combustion 
- 98-0- 64 0- 34 c.c. 

34 X 2 

Hence the volume of hydrogen originally present — — ;;j — — 22 ‘68. 

882. Estimation of Hydrogen, Methane, and Nitrogen. 

In the analysis of coal-gas and similar mixtures, the gases mentioned if> 
paragraph 876 are first removed by absorption. 
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One of two methods may then be adopted. Either (1) the hydrogen may 
bo first estimated by being burnt (88l), and the methane may then be mixed 
with oxygen and fired ; or (2) the hydrogen and methane may be mixed with 
oxygen and burnt simultaneously. In eitlier case the nitrogen will be 
measured by difference. 

(1) First MclJiod.— The Hcmpel apparatus is charged with water as 
usual, and the gas, or an aliquot portion of it, is then mixed with air, and the 
hydrogen is estimated as is described in paragraph 88l. The gaseous mixture 
with now only contain the methane and nitrogen, together with a known 
volume of nitrogen and oxygen from the added air. The methane and nitrogen 
in this mixture are estimated in the following way i 

Fio. 122. 



The Hemfel Exri.osroN-r rETTB. 


About 20 c.c. of the gas are mixed with more than the volume of oxygen 
required for their complete combustion, the total volume is then carefully 
measured and the mixture is fired. 

iVo<e.-Bunseri states that the proportion of combustible gas in the mixture 
must be not less than 20 or more than 64 per cent., else nitrogen oxides may e 
formed. If the percentage is less than 26, the mixture refuses to burn unless a 
suitable volume of pure electrolytic hydrogen is added. No general ru e can 
given as to the exact proportions to bo used ; but the explosion should bo o serve. , 
and it must be so rapid that the flame cannot be followed by the eye m i a 
progress down the bulb. 

The mixture is fired by the spark from an induction-coil in a special form 
of Hempel Explosion-pipette (Fig. 122) which contains mercury instead ot 
Water, 
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In order to prevent loss of gas during the firing, the rubber joint should 
be bound by wire on the pipette at (e), and should not only be clamped but 
also closed by the insertion of a tightly fitting piece of glass rod. 

The decrease of volume caused by the firing is then noted, and the further 
diminution of volume resulting from the absorption of the carbon dioxide 
produced is also found (872). The volume of methane originally present in 
the mixture will be equal to the volume of carbon dioxide absorbed, as is 
seen from tho equation : CII^ -f 20, = CO, + 211,0. 

The volume of nitrogen in tho original mixture is found by subtractiiiE; 
tho sum of tho volumes of hydrogen and of methane from the volume of the 
original mixture. 

(2) Second MetJwd. — About 30 c.c. of the mixture of hydrogen, methane, 
and nitrogen is made up to 76 c.c. l>y mixture with oxygen (see Note above). 

The mixture is fired as is directed in tho first method, the contraction 
of volume w'hich is cau.scd by the combustion is noted, and the further con- 
traction which results from the absorption of the carbon dioxide by potassium 
hydrate solution is also observed. Tho volumes of hydrogen and of mctluino 
are then calculated as follows : 

If a: = the contraction of volume caused by firing, and 

y — tho contraction of volume caused by the subsequent absorption 
with pota.sh, 

2 

Then the volume of hydrogen =s - (a; - 2y) 
and the volume of met bane = y. 

The above equations are founded upon the facts (1) that the contraction 
of volume cau.scd by firing is due to the combination of free and combincrl 
hydrogen with part of the oxygen present, to form water, and ( 2 ) that the 
CH 4 forms its own volume of carbon dioxide. 

883. Example of Coal-gas Analysis.— The sample of coal-gas was collectcrl 
in a Hempel burette, which had been filled with water previously saturntcfl 
with coal-gas by pa.ssing the gas through it. The original volume of gas was 
99 C.C., and this was treated successively with the following reagents with the 
results stated below : 

(1) Potassium hydrate gave no absorption, hence carbon dioxide was alisent. 

(2) Alkaline pyrogallate solution gave ; 

Before absorption — 99 0 c.c. 

After absorption — 98 8 c.c. 

.*. The Volume of oxygen — 0'2 c.c., and 
100 

The Percentage of oxygen — ^’2 ^ ^ 2 
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(3) Fuming sulphuric acid, followed by potassium hydrate solution gave : 

Before absorption — 98 '8 c.c. 

After absorption — 93-5 c.c. 

The Vclume of olefines and benzene — 5-3 c.c., and 

5 ’3 

The Percentage of olefines and benzene = — x 100 — r> 's 

(4) Cuprous chloride solution gave : 

Before aksorption — 93-5 c.c. 

After absorption = 87-0 c.c. 

The Volume of carbon monoxide — 6-5 c.c., and 

The Percentage of carbon monoxide — 6-5 x — — 6 0 


(5) The residual 87 c.c. of ga^, containing methane, hydiogen and nitrogen, 
were returned to the pipette, and the water in the burette was exchanged for water 
saturated with air. 

30'8 c.c. of th‘ gas were then mixed with sufficient o.\ygen in the explosion- 
pipette, and the total vclume was now 76 '2 c.c. This mixture wa.s fired with the 
spark of the induction-coil, the volume was read off, and the le.^^idual gas was then 
exposed to absorption by potassium hydrate solution. The volumes read were 
follows : 

Before firing — 76‘2 c.c. 

After firing — 25 9 c.c. 

The Total contraction — 49’3 c.c. 

Before absorption — 25‘9 c.o. 

After absorption — 13'9 c.c. 

.*. The Carbon dioxide from the methane — 12*0 c.c., and 

Hence the Volume of methane — 12'0 c.c., and 

mi T. 87 100 

The Percentage of methane — 12 x ^ pi) "" 


,, , 2(49*3-2x12) 2 X 2.T3 

Also the Volume of hydrogen — — 16 9, and 


87 loo 

The Percentage of hydrogen — 16.9 x x ™ 48 -2. 


The Percentage of nitrogen (by difference) — 100 - 94*5 — 5 '5. 

Aotc — Coal-gas may contain a small amount of ethane and of other paraffin 
hydrocarbons. In the estimation of its constituents as is described above, such 
P'hraffins would count as methane, but this would not have any important 
'hhfluence on the result. 

, Of Analyses of Coal-gas apjj pf Blasli tiimacp Gas see paragraph? 

^^970. ' ^ ■ . ♦ ? 1 
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884. Estimation of Carbon Monoxide by Combustion.— The processes 
for e.stimaiing hydrogen by cornbiLsion (881, 882) are also applicable to the 
estimation of carbon monoxide in a furnace-gas, if the carbon dioxide pre.^^ont 
in the mixture has been first removed by absorption. 

From the equation CO -f 0 = CO^ 

2 vols. I vol. 2 volsi. 

original volume of CO is equal to double the contraction caused by its com- 
bustion ; or to two-thirds of the total contiactiori caused by the combustion, 
followed by the absorption of the resulting carbon dioxide by potassium 
hydrate solution. 

When carbon monoxide is to bo estimated in the prasence of hydrogen, 
it is necessary to note both the contraction caused by firing and the loss of 
volume which i.s afterwards catiscd by the absorption of the carbon dioxide 
produced, in order to calculate the volume of each of the combustible gases. 

885. Estimation of Oxygen by Combustion. —The proportion of oxygon 
present in the atmosphere may be estimated by the processes of combustion 
for determining hydrogen (881, 882). A known volume of hydrogen in 
excess is added to the air, and llic deoreas© of volume caused by its oombuslion 
is noted. The volume of oxygen originally present is equal to one-third of 
this decrease. 
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THE LUNGE NITROMETER. 

THE RUSSELL-WEST APPARATUS. 

THE PETTENKOPER PROCESS. 

The Lunge Nitrometer. 

890 . The Lunge Nitrometer (Fig. 123) is so called because it was 
originally devised for the analysis of “ nitrous vitriol.” It can bo used for 
many analytical processes which involve the 
measurement of a gas. Fio. 123. 

Like the Hempel burette, it consists of two 
tubes, the measuring-tube and the pressure- 
tube. 

The measuring- tube (a) in Fig. 123 has 
a capacity of 60 c.c., and is graduated into 
fifths of a 0.0. ; it is calibrated according to 
the directions given in paragraph 845* 
measuring-tube is connected by means of thick- 
walled rubber tubing with the pressure- tube 
(b), which is not graduated. The apparatus is 
usually charged with mercury ; but water, 
glycerine, strong brine, or oil may be used for 
special purposes instead of mercury. 

To the top of the measuring-tube (a) is fitted 
a special stop-cock (d), in connection with which 
is a cup {/), and a strong capillary-tube (e). 

In the figure the stop -cock is shown opening 
communication between the measuring- tube 
and the cup. When the stop-cock is turned 

half round, communication is opened between The Lunqb NiTROMETaa. 
the capillary-tube and the measuring-tube ; 

but if the stop-cook is turned only one-quarter round, communication between 
the capillary- tube the measuring- tube and the cup is cut off. 

It will be seen, therefore, that this stop-cock renders it possible to draw 
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a gas into the measuring- tube through the capillary-inlet (e). The gas can 
then be exposed to a liquid reagent by pouring the reagent into the cup (/), 
putting the cup into communication with the measuring-tube (a), and drawing 
the liquid into the measuring-tube by lowering the pressure-tube (&). The en- 
trance of air into the measuring-tube through the cup is prevented, by turning 
the stop-cock one-quarter round, as soon as all the liquid has entered. 


891. Another Form of the Nitrometer is used for measuring larger 
quantities of gas. For this purpose a bulb is blown in the raeasuring-tuhe 
(a) immediately below the stop-cock. The bulb has a capacity of nearly 
100 C.O., and the first graduation on the tube below the bulb is for 100 c.e. ; 
the graduations are continued down the tube until 140 c.c. are registered. 
A bulb is also blown upon the lower part of the pressure-tube (/>) ; thi.s bulb 
must be of sufficient capacity to hold the mercury which is required for the 
measuring-tube. 

According to the volume of gas to be dealt with, either the ordinary form 
or the more capacious form of the nitrometer is used. 

A number of applications of the Lunge nitrometer arc described in the 
following paragraphs. 


fCSTtMATlON OF THE AMOUNT OF NiTROOEN OxiDE.S IN NiTROrS 

Vitriol. 

892. Remove the stop-cock (d) from the measuring-tube of the nitrometer 
(Fig. 123), and cleanse and dry the surfaces of the stop-cock and of the seat 
into which it fits. Then lightly smear some resin cerate, vaseline, or rubber- 
grease over the surface of the stop-cock, push the stop-cock into its seat, and 
turn it until the cup (/) is in communication with the measurihg-tube (o). 

Now fill in mercury, until, when the pressure-tube is raised, the mercury 
fills the measuring-tube (a) and just enters the stop-cock, and reaches a level 
of about 6 cm. in the pressure- tube (6). Carefully remove all air- bubbles 
adhering to the inside of the measuring- tube. 

Then close the stop-cock, and lower the pressure- tube until the level of 
mercury in it is considerably below that in the measuring- tube (a). If 
apparatus is air-tight and has been freed from air-bubbles, no bubble of air 
will bo visible at the top of the mercury column in the measuring-tubo («) 
after the apparatus has stood for several minutes. Then bring the surfaces 
of the columns of mercury in both tubes to the same level by raising 
pressure-tube (6). 

Now pour into the cup (/) a known quantity of the nitrous vitriol 
varying from 0*6 to 6 c.c. according to the quantity of nitrogen oxide whicB 
it is believed to contain. 
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jfote.—li any SOj is present in the nitrous vitriol, it must be oxidised by 
adding a small quantity of powdered potassium permanganate before the acid 
is introduced into the nitrometer. 


Now cautiously open the stop-cock, and allow the acid, with the exception 
of a small drop, to run into the measuring-tube (a). Then pour into the cup 
3 c.c. of strong sulphuric acid, free from nitrous compounds, and allow this 
to run into the measuring-tube (a). Repeat this operation with 3 c.c. more 
of the acid, taking care that no air enters the tube. 

Then grasp the measuring-tube in the hand, unclamp it, and start the 
evolution of nitric oxide by bringing the acid into contact with the mercury. 
This is effected by lowering the tube several times almost to the horizontal 
position, and then suddenly raising it again to an upright position. Finally 
shake up the mercury with the acid until no more gas is given off. 

Then clamp the tubes (a, b) at such relative heights that the gas in the 
measuring-tube is approximately under atmospheric pressure. For this 
purpose it may be assumed that 7*6 mm. of the strong acid in the measuring- 
tube balance 1 mm. of mercury in the pressure-tube. Allow the apparatus 
to stand in this position until its contents have gained the temperature 
of the air. 


The levels of the tubes are now once more adjusted as before, if necessary. 
A little strong acid is then poured into the cup (/), and the stop-cock (d) is 
cautiously turned, so as to place the cup and the measuring-tube in communi- 
cation with one another for a moment. It is easily seen whether the acid 
in the cup tends to enter the measuring-tube, or to be expelled ; and the level 
of the pressure-tube can be adjusted accordingly, until the gas is proved by 
slightly opening the stop-cock to be exactly under atmospheric pressure. 

The measuring- tube should always be grasped by the cup (/) during the above 
final adjustments, so as to avoid heating and expanding the gas by touching the 
graduated part of the tube with the hand. 


The volume of the gas is then read off, and the atmospheric temperature 
and pressure are noted down at the same time. It is well to take another 
reading of the volume after half an hour, and if thi.s agrees with the former one 
the gas is proved to have attained the atmospheric temperature. 

Each c.c. of nitric oxide at 0® and 760 mm. {839> repi'f'sents 1*343 
milligrams of this gas. This is equivalent to 0*627 milligrams of nitrogen, 
to 1*701 milligrams of nitrogen trioxide, and to 2*830 milligrams of nitric 
acid. 

After the reading of the voluiiie has been taken; lower the measuring-tube 
^nd raise the pressure-tube (6) ; then open the stop-cock^, so as to allow both 
the gas and the acid to pass from the measuring-tube through the capillary- 
bibe, the acid being collected in a beaker. 
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Estimation of an Alkaline Nitrate by the Lunge Nitrometer. 

893. The above process (892) is easily adapted to the estimation of com- 
mercial potassium or sodium nitrate. A quantity of the nitrate, which will 
evolve rather more than 100 c.c. of nitric oxide gas, is weighed, and is intro- 
duced into the larger form of the nitrometer (89I) as is directed below. 

For practice in the process, weigh out 0*4 gram of finely powdered sodium 
nitrate. Place this powder in the cup (/) of the nitrometer, and add about 
half a c.c. of water. As soon as the nitrate is dissolved, draw the solution 
into the measuring'tube. Then pour half a 0.0. of water into the cup, and 
draw this also into the measuring-tube. 

Finally introduce 16 c.c. of strong sulphuric acid, and proceed to make the 
estimation in the manner described in paragraph 892. The apparatus should 
stand for two hours before the reading of the volume is taken, in order that 
the gas may gain the atmospheric temperature ; and another reading, taken 
half an hour later, should corrospond with the first. 

After the volume of the gas has been calculated at normal pressure and 
temperature (839, 1 ), each c.c. represents 3*806 milligrams of sodium nitrate 
or 4*522 milligrams of potassium nitrate. 


Gas Analysis by the Lunge Nitrometer. 

8m- By employing the Lunge nitrometer (890) with the Hempel pipettes 
(858), gases which are soluble in water can be estimated. Instead of the 
ordinary Hempel pipettes, similar pipettes of smaller size and partially 
with mercury may be used. 

All the gases mentioned in paragraph 877 > exception of chlorine» 

may be estimated in this way by means of the nitrometer. 

In certain cases the absorption may be effected in the nitrometer itseh- 
For this purpose the absorbent liquid is drawn from the cup into a measured 
volume of the gas, contained in the measuring-tube. The tube is then shaken, 
and the volume of the residual gas is read off as has been already described 

(892). 


Analysis op Gases Dissolved in Water or in other Liquids- 

89s Gases which are dissolved in water may be removed by boiling the 
water, and may then he received directly in the measUring-tub? of the Lungs 
nitrometer (896)< 
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A more accurate method consiste in removing the gases in a special appa- 
latus, and then transferring them to a gas-analysis apparatus (897). 

A special method for the estimation of dissolved oxygen by titration has 
been already described (645). 

896. Removal by Boiling into the Lunge Nitrometer. —Connect a flask of 
known capacity, with the capillary-lube (c) of the Lunge nitrometer (&») 
by means of a short piece of narrow rubber tubing, Htting one end of this 
tubing upon the capillary-tube (e) and attaching the other to a short piece 
of glass tube which passes just through a cork in the neck of the flask. 

Now charge the nitrometer with mercury (892), and fill the flask with 
the liquid containing the gas. Connect the capillary (c) with the measuring- 
tube (a), and press down the cork into the neck of the flask. The air from 
the connecting-tube is thus transferred to the measuring-tube, and the liquid 
will fill the capillary-tube. Shift the position of the stop-cock, and expel the 
air from the measuring-tube through the cup (/) by raising the mercury level. 

Again connect the flask with the measuring-tube (a), and heat the liquid 
in the flask until all the dissolved gas is expelcd. Collect the gas in the 
■ncMuring-tube by lowering the pressure-tube, then allow the gas to cool 
and measure it. Proceed to analyse the gas by submitting it to the necessary 

absorbents (862 efsej.). 

This method is rendered somewhat inaccuiate owing to a portion of the 
un oiled liquid containing the being transferred by the boiling to the 

measuring-tube. 

897, Removal by Heating in Vacuo.— The more satisfactory method con 
sists in removing the gases from solution by exposing the liquid in a vacuous 
space, and at the same time heating it if necessary. The gases are then r moved 
rom the space by m ans of a metcury Spr ngel pump, and are in reduced 
into the gas-apparatus for analysis. 

A simple form of apparatus for effecting the removal of tHe gases from 
the liquid is hown in Fig. 124. 

i’he glass apparatus, supported by a special stand, has a nearly complete 
vacuum produced in its interior by connecting the tube E with a Geissler 

nr isp rator (Fig. 48, page 49), the exhaustion being continued until the 
mercury in the gauge D remains stationary. The stop-cook in the tube E is 

n closed, and the tube N is connected with a Sprengel mercury pump, 
y means of which the exhaustion is completed. 

The water from which the -^as s to be extracted is then poured into the 
'^Pper veisd 0, which is graduated to deliver either 26 o.c. or 60 c.c . ; the 
Sround stopper is inserted, and the liquid is allowed to descend 

the bulb A by opening the stop-cock F, The water descends into the 
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flask By the neck of which is connected by a rubber joint with the lower nock 
of the bulb A ; this rubber joint is surrounded by water contained in a glass 

PiQ. 124k 
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tube which can be moved up or down on the neck of the flask. A 
meter may be suspended by wire in the flask 5, 
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After the liquid has been introduced into the flask B, the apparatus is 
allowed to stand for about an hour in order to permit the dissolved gas to 
escape into the vacuous space. The evolution of gas may be known to have 
ceased when the mercury in the gauge D ceases to fall. The gas is then 
removed from the apparatus by setting the Sprengel pump into action, and 
is collected over mercury and removed to a gas-analysis apparatus. 

It is frequently necessary to heat the liquid, in order to remove the 
carbon dioxide which still remains in solution in the form of bicarbonates 
in hard waters. The upper bulb A is then covered with a porous fabric 
which is well wetted, the cooled bulb serving to condense any steam which 
arises from the liquid in the flask B. Water may, if necessary, be allowed 
to drop upon this fabric, the excess flowing off from the water-jacket below 
by a rubber tube. The water in the flask B is heated by a flame and is kept 
boiling as long as the mercury in the gauge D descends : the gas is then 
pumped off as before and analysed. 

If the liquid has to be drawn from a bottle or other vessel without under- 
going exposure to the air, the capillary-tube H is filled with distilled water 
from which the air has been recently removed by boiling, and is attached 
to the vessel C, The tube is immersed in the sample, and the water is drawn 
up into the vessel C by opening the two-way stop-cock F. 

The Results Obtained by the extraction and analysis of the gases from several 
samples of water will be found in paragraphs 971 "974* 


Estimation of Substances which evolve a Definite Amount 
OF Gas when they are Decomposed. 

898. For the estimations described in paragraphs 899 “ 9 f^ 5 » 

Lunge nitrometer or the apparatus described in paragraph 908 may be used, 

The Lunge apparatus is usually filled with mercury, but other liquids 
may be substituted in special estimations. Thus in testing sweet spirit of 
nitre, by measuring the amount of nitric oxide gas evolved when the spirit 
is treated with a solution of potassium iodide and sulphuric acid, a solution 
of salt is used instead of mercury. 

In some cases the decomposition of the substance may be effected in the 
nitrometer itself, as is described under the estimation of sodium nitrate 

(893). 

But the substanoe may also be deoomposed in a flask connected with the 
nitrometer, and the amount of air displaced by the gas may be measured ; 
mercury should then be used in the apparatus. An illustration of this method 
is furnished by the estimation of the amount of carbon dioxide evolved from 
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a carbonate by treatment with an acid. A bottle or flask, containing a little 
tube of acid (Fig. 72 , p. 110 ), may be fitted with a cork and plain delivery, 
tube, and will serve for the decomposition of the, carbonate ; the acid- lube 
may be fused in a vertical position upon the bottom of the flask, in order to 
lessen the risk of breaking it. 

If mercury is used in the nitrometer the flask may be connected, by moans 
of a tube passing through the cork and a short piece of rubber tubing, with the 
capillary- tube (c) of the nitrometer. 

In calculating the percentage weight from the volume of gas actually read 
off, it will be necessary to calculate the volume which the gas would have if 
it were dry and at normal temperature and pressure (839, 2), and then to 
calculate the weight of this volume from known data (1000). 

899. Estimation of Ammonium Salts and of Urea in Urine.- 
The Lunge apparatus, or that described in paragraph 908, may be used in 
the estimation of urea and of ammonium salts. Fuller particulars of the 
reaction, upon which the process depends, are given in paragraphs 906, 910. 

About 0‘25 gram of the solid substance is accurately weighed out 
and is introduced into thedecompodition-flask (Z), Fig. 72 , p. 110 ). 10 c.c. 
of the sodium hypobromito solution (907) are then introduced into the inner 
tube. A cork with a short delivery-tube is now fitted into the neck of the 
flask, and the flask is connected by a short piece of rubber tube with the 
capillary-tube (e) of the nitrometer as has been already described, the nitro- 
meter being charged with mercury. 

The tap of the nitrometer is then turned so as to bring the flask into 
communication with the measuring-tube, and the flask is placed on its side 
and its contents are gently shaken until no more gas is given off. The mercury 
levels are now roughly adjusted, and the whole apparatus is allowed to stand 
for fifteen minutes. The levels are then accurately adjusted, and the volume 
of the gas and the atmospheric temperature and pressure are read. The 
Volume of gas is then corrected for the tension of water-vapour, and for tem- 
perature and pressure (839, 2). 

Ammonia evolves, under the above conditions, 97*6 per cent, of its nitrogen, 
and urea 92 per cent. Each c.c. of nitrogen evolved, when corrected for 
temperature, pressure, and moisture, accordingly corresponds to 0'001562 
gram of ammonia, and to 0*002952 gram of urea. 

Each c.c. of N may be taken as representing 0*002687 gram of urea, on the 
assumption that the urea evolves all its nitrogen ; this assumption however 
is only strictly correct when much sugar is present (906). 

900. Estimation of Substances which evolve Carbon Dioxide 
when they are decomposed.— The same apparatus (898, 899) can he 
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used for estimating the carbon dioxide evolved from carbonates, such as the 
commercial alkaline carbonates and bicarbonates, limestone and bone- 
charcoal. The apparatus also serves for the valuation of manganese-ores 
by means of oxalic acid (4l6)> and for estimating oxalates by means of manga- 
nese dioxide (187)- 

The amount of carbon dioxide evolved falls below that contained in the 
substance, owing to the solubility of the gas in the acid ; but it is stated that 
tlie a^i'tion of 7 per cent, to the observed volume corrects this deticiency, 
lO c.c. of hydrochloric acid of 1*12 specific gravity are used for the decom- 
position of the carbonate 

901. Estimations by Treatment with Hydrogen Peroxide and Measurement of 
the Oxygen evolved. — When certain bodies, which contain “ active oxygen,” 
are brought into contact with hydrogen peroxide, the active oxygen of both 
substances Is liberated as oxygen gas. The measurement of the volume of oxygen 
evolved serves to indicate the amount of the substance present. The following 
bodies may be estimated in this way ; 

902. Hydrogen Peroxide maybe estimated by mixing its dilute solution with 
exce.ss of an acid solution of potassium permanganate (330). Two c.c. of 
hydrogen peroxide diluted with 10 o.c. of water are poured into the inner tube, 
and a mixture of about 20 c.c. of the decinormal permanganate solution with 
20 c.c. of dilute sulphuric acid is introduced into the decomposition-flask. The 
following reaction occurs when the liquids arc mixed : 2 KMn 04 + 5HjO, + 3HjSO^ 

-f 2MnSO^ + SIIjiO -f- 50,, from which it is evident that half the 
measured volume of oxygen which is liberated is yielded by the hydrogen 
peroxide. 

903. Potassium Permanganate.— The process is the converse of the pre- 
ceding one {902), excess of H,0, being allowed to act upon a weighed quantity 
of the permanganate solution acidified with dilute sulphuric acid. 

904. Manganese Ores.— Any carbonate present in the ore is first decom- 
posed by means of dilute H,SO,, excess of H,0, is then added, and the evolved 
oxygen is measured : 

MnO, + H,SO, + H,0,- 0, + MnSO, -b 2H,0. 

905. Bleacbli^-powder.— The bleaching- powder solution is treated with 
H,0, as is desoribod above. Half the total volume of the oxygon evolved is 
liberated by the bleaching- powder, and each 0 . 0 . of oxygen which is liberated by 
the bleaohing- powder corresponds to 0'00634l gram of “available chlorine.” 


The Russell-West Apparatus. 

This apparatus was originally devised for estimating the percentage of 
in urine, but it may be adapted to many processes of estimation in 
^bich gas is evolved by a chemical reaction. 
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906 . The Estimation of the Percentage of Urea in Urine is 

frequently required for medical purposes. 

The chemical reaction of urea solution with an alkaline hypobroniite 
furnishes the most convenient process for its estimation. The result of the 
reaction is the evolution of 92 per cent, of the nitrogen of the urea in the 
gaseous form. This nitrogen may be collected and measured in any con- 
venient form of gas-apparatus (899), and the amount of urea which has 
evolved it may then be readily calculated. 

Certain inaccuracies arise when the urea is determined by this process 
in urine instead of in pure urea solution, and for the following reasons : 

Other nitrogenous bodies in the urine besides the urea evolve a minute 
proportion of nitrogen, but the amount of nitrogen thus evolved is so stiiall 
that it may bo safely disregarded. 

The effect of the presence of glucose in diabetic urine is, however, much 
more considerable. It tends to increase the proportion of nitrogen which 
is evolved from the urea by the action of the hypobromite ; and if the diabetic 
urine is mixed with a quantity of cane-sugar ten times as great as that 
of the urea which it contains, the urea will evolve at least 99 per cent, of its 
nitrogen. The addition of cane-sugar to a diabetic urine is accordingly 
recommended, since it causes practically the whole of the nitrogen of the uioa 
to bo evolved. 

The following account of the manipulation is given in connection with 
the special form of apparatus devised by Kussell and West ; it can, however, 
be readily adapted to any other form of apparatus which is suitable for the 
estimation. 

907* The Sodium Hypobromite Solution is prepared by dissolving lO'l 
grams of caastic soda in 250 c.o. of water, and mixing 26 c.o.of this cold solution 
with 2 '6 c.c. of bromine immediately before the liquid is required for the 
estimation. This quantity will suffice for one determination only. The 
bromine may bo kept sealed in separate tubes in the requisite quantity. 

908 . The Eussell-West Apparatus is shown in Fig. 125. It consists 
of a little circular metal trough, which is about 6 cm. deep and is sup- 
ported by three legs. The decomposition-tube in which the reaction occurs 
is seen beneath the trough, into a tubulure of which it is fitted water- tig^*' 
by means of a i)erforated cork. It is a glass tube, about 25 cm. long, 
about 1-5 om. in internal diameter. Its upper end is somewhat narrowed, 
and projects above the cork, so as to deliver the escaping gas without loss 
into the measuring- tube. The lower end consists of a tapering bulb, about 
5 cm. in length and constricted at its neck to 1 om. in internal diaiuot®^* 



UllEA BY HYPOBROMITE. 


475 


The capacity of this bulb should be about 12 c.c. A thin glass rod, about 
25 cm. in length, is fitted with a narrow ring of rubber tubing round its lower 
end, so that when it xs dropped into the decomposition- tube it closes the 
constriction above the bulb. 

The Measuring -tuhe, in which the nitrogen is collected, is about 2 cm. 
in internal diameter and about 40 c.c. in capacity. This tube may be 
graduated in c.c.s. but it is usually graduated 
in such a way that the percentage of urea is 
read off directly from the graduations. The 
latter method of graduation is based on the 
fact that when 5 c.c. of a 2 per cent, solution 
of urea are treated in the apparatus with hypo- 
bromite solution in the usual way, they evolve 
37*1 c.c. of nitrogen, measured at ordinary 
pressure and temperature. This volume of 
nitrogen Is accordingly marked as 2 per cent., 
and the other graduations, which are derived 
from this, similarly indicate percentages of urea. 

It may be noted that the increase of the 
normal volume of the nitrogen at ordinary tem- 
perature, which is due to temperature and to 
the pressure of aqueous vapour, almost precisely 
counterbalances the deficiency of 8 per cent, in 
the volume of the nitrogen which is evolved 
from the urea. Russbll-West 

909 * The Process of Estimation. — Five c.c. of urine are allowed to 
flow from a pipette into the decomposition-tube, and the sides of the tube 
are rinsed down with distilled water, until the bulb is filled as far as the 
constriction. The glass rod with rubber end is then placed in the tube, so 
that it closes the constriction. The decomposition- tube is finally filled with 
the freshly prepared hypobromite solution. Water is then poured into the 
trough until it is half filled ; and the measuring-tube is filled with water, 
closed with the thumb, inverted in the trough, and placed in the little well 
seen to the left. 

The glass rod is now withdrawn, and the measuring-tube is quickly shifted 
into the other well of the trough, so as to rest upon the cork and cover the 
opening of the decomposition-tube. 

The reaction commences as soon as the urine and the hypobromite solutioi 
oiiugle, and if the bulb is warmed with a small Bunsen flame the evolution 
of gas will usually cease in about five minutes. The measuring-tube is 
then shifted into the well, and the volume of nitrogen is read off as soon 
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as the gas has had time to attain the temperature of the air. The liquid in 
the decomposition-tube at the end of the process must smell distinctly of the 
hypobromite, proving that this reagent is present in excess. 

910. Excessive Urea and Albumen. —If the urine contains an 
unusually high percentage of urea, it will be necessary to dilute it witli its 
own volume of water and to use 5 c.c. of this diluted sample. The result 
obtained must then bo multiplied by 2. 

If albumen is present in large amount, it must be coagulated by adding 
a few drops of acetic acid to the urine and heating it : the liquid is then 
filtered, and the clear filtrate is used for the estimation. If this treatment 
is omitted, a considerable amount of froth is produced in the measuring-tube, 
which retards, or renders impossible, tlie measurement of the nitrogen. 


ESTIMATION OP GAS BY ABSORPTION AND 
TITRATION. 


Estimation op Carbon Dioxide in Air by Titration, by the 
Pettenkopbr Method. 

912 . Since carbon dioxide is a product both of respiration and of com- 
bustion, it frequently accumulates in undue proportion in the air of closed 
rooms. A simple and rapid method of estimating its proportion in the air 
is therefore of great importance, since the result of the estimation enables 
a judgment to be formed regarding the efficiency of the system of ventilation 
which has been adopted. This is especially valuable to engineers and 
others who are concerned in the heating and ventilation of buildings. 

The average percentage volume of carbon dioxide in fresh outside air ^ 
from 0-029 to 0*03. This average is oaloulated from a very large number of 
the most trustworthy results. 

913. Pettankofer’fl Method of determining the Proportion of 
Oarbon Dioxide in Air depends upon finding the amount of calcium 
or barium hydrate which is precipitated as carbonate from solution, when 
lime- or baryta-water in excess is well shaken with a known volume of tli® 
air. 
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This may be effected by using a known volume of lime-water, the strength 
of which has been determined by titration with a standard acid solution, 
After the lime-water has been exposed to the measured volume of the air, it 
is again titrated with the acid. The difference between the two volumes of 
acid which are required in these titrations gives the volume of the acid 
solution which is equivalent to the carbon dioxide absorbed from the air. 
From this result the weight and the volume of carbon dioxide, which was 
present in the known volume of air, can be calculated. 

The following are requisites for this process : 

(a) A stronff clear Glass BoUle is selected, from 8 to 10 litres in capacity, 
and with an unground neck which can be closed air-tight by means of an 
accurately fitting rubber cork. The exact capacity of the bottle is ascertained 
by filling it with water to a scratch on the neck, which marks the bottom of 
the cork : the water is then poured into a measuring- vessel in order to ascer- 
tain its volume. The capacity should be written on the bottle with a diamond 
pencil, or with the point of a sharp file. 

The bottle is thoroughly cleansed, and is rinsed out several times with 
distilled water. Its interior is then perfectly dried. This is effected either 
by draining it and leaving it open for some time in an inverted position : or 
more rapidly, by placing it in a heated oven and occasionally sucking out 
the air from the interior by means of a clean dry glass tube pushed down to 
the bottom of the bottle, or blowing out the moist air by bellows. The clean 
dry rubber cork is then pushed in, until it reaches the mark on the neck. 

When experience has been obtained in the estimation, a bottle of only two 
hires capacity may be used, as this will suffice for one estimation without providing 
for a repetition. 


(b) A Hand Bellows with rubber tube on the nozzle is required, by means 
of which the air from any desired locality can be blown into the bottle until 
the air in the interior has been displaced. A volume of air, at least five oi 
SIX times as great as the capacity of the bottle, should be blown to the bottom 
of the bottle by the bellows, which are drawing air from the desired posi- 
tion. Either Fletcher -blowers or ordinary hand-bellows may be used. They 
should be clean and air-tight, 

(c) Saturated Lime-water is made by repeatedly shaking up freshly slaked 
lime with water in a Winchester quart bottle, which is nearly filled with the 
water. The solution is rendered clear by subsidence or by filtration. The 
perfectly clear solution is stored in an accurately stoppered Winchester 
quart bottle. Unless alkalis are known to be absent, a few drops of barium 
chloride solution should be added to the lime-water. 


(d) The Standard Hydrochloric Acid Solulion is prepared by diluting 
^ of normal hydrochloric acid ( 290 ) to a litre with distilled water, which 
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has been recently boiled for a quarter of an hour to free it from dissolved 
carbon dioxide, and then cooled. Each c.c. of this twentieth-normal acid 
corresponds to 0-558 c.c. of carbon dioxide measured at 0° C. and at 760 mm, 
pressure. 

Nok. — A solution of oxalic acid of one-twentieth normal strength may be 
prepared more conveniently, if the normal hydrochloric acid is not at hand, by 
dissolving 3-15 grams of pure crystallised oxalic acid in water and making this 
solution up to a litre ; but the oxalic acid solution is liable to change when it is 
ke[)t, and must therefore bo used as soon as it is prepared. If the acid sohition 
is made by diluting 89-0 c.c. of the dccinormal acid to a litre, each c.c. will corre- 
spond exactly to 1 c.c. of carbon dioxide measured under normal conditions. 

(e) Solution of Phenol-phthakin ( 269 ) is the most convenient and suitable 
indicator. But turmeric-paper ( 267 ). which has not lost its full yellow colour, 
may be used in case of necessity. 

914. The Process of Estimation.— By means of the bellows (b) a 
volume of the air which is to be tested, equal to at least six times the capacity 
of the bottle, is blown down to the bottom of the 8 to 10 litre bottle (a); 
100 c.c. of the lime-water (c) are then at once introduced, the rubber coi k is 
inserted, and the atmospheric temperature and barometric pressure are 
noted down {Note 1). 

The bottle Is now laid on its side and is rolled along on a level surface, 
so as to wet the interior with the lime-water ; this process is repeated several 
times during half an hour. Twenty c.c. of the liquid are then withdrawn 
from the bottle, by means of a dry pipette with rubber tube a/ttached to ila 
top, and the bottle is immediately closed {Note 2). 

The 20 c.c. taken direct from the bottle (a) are at once introduced into a 
small flask and are titrated by the standard hydrochloric acid (d), the liquid 
being coloured with solution of phenol-phthalein, and the disappearance of 
the colour indicating the end of the reaction ( 269 )- Or if turmeric -paper 
must be used, a small drop of the liquid is removed occasionally from tbe 
flask and placed upon the paper ; the brown alkaline tint on the paper is 
last seen at the edge of the wet spot, just before it disappears completclyon 
the addition of a little more acid. 

At least one repetition of the titration should be made, so as to obtain 
accurately the volume of acid required. From this result the volume of acid 
which would be required by 100 c.c. of the original lime-water, after exposure 
to the air in the bottle, is calculated. 

A measured volume of the original lime-water (c) is then titrated with 
the standard acid, and the volume of acid which would be required to neutralise 
100 O.O. of this lime-water is calculated. 

The diffetence between the volumes of the acid solution, which would b« 
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required for 100 c.c. of lime-water before and after its exposure to the sample 
of air, is thus ascertained. This volume of acid corresponds in neutralising 
power to the carbon dioxide which wa.s originally present in the sample of 
air in the bottle. 


Note l.~The Smaller Bottle of about 2 litres capacity may be used [Note, 913 , a) 
for the air-sample when experience has been obtained in the process, 1 'he proce- 
dure is similar to that described above for the larger bottle, but only 20 c.c. of 
lime-water are introduced, and the whole of this Ls .sul)sequently titrated at once 
by letting the standard acid flow directly into the bottle from the burette. 


Note 2.— Throughout the whole of the manipulation in the above process, it 
IS evidently necessary to guard ^a far as is po.s.sible against the further absorption 
by the lime-water of carbon dioxide from the open air or from the breath. This 
is secured by making the exposure of the lime-water to the open air as brief as 
possible. Any distilled water which is used for dilution should also have been 
recently boiled and rapidly cooled, so as to be free from carbon dioxide. 

A repetition of the process, with rapid titration^ in the presence of air, furnishes 
a result which is sufficiently accurate for ordinary purposes. 

The use of the smaller bottle for the air-sample, in which the lime-water is 
titrated without being removed, is of course preferable. 


Example.— The results of an actual estimation were as follows : 

Capacity of the bottle ■« 23(i0 c.c. ; temperature of (lie sample of air =» 
lb° C. ; atmospheric pressure •» 7 t )2 mm. 

20 c.c. of the original lime-water required 18 0 c.c. of llCi, 1 c.c. of 
which corresponds to 0*558 o.c. of CO, at 0" C. and 760 mm. pressure. 
20 c.c. of the lime-water after bemg shaken with the sample of air required 


16-8 c.c. of - HCl. 

Therefore the CO, in the sample is chemically equivalent to 18 0 15 8 
2-2 C.C. of ^ HCl. 

And since each c.c. of this acid corresponds to 0 558 c.c. of CO,, the 
volume of CO, = 2-2 x 0-658 « 1-2276 c.c. at 0° and 760 mm. 
pressure. 

The volume of air in the bottle at 15® C. and 700 mm. [)ressure — 
2360 X 762 

Teoil + 0 003(i66 X 15) ^ 


Hence the percentage volume of CO, = 


915' The Following Series of Results will servo to indicate the varying 
^ agrees of efficiency attained in the ventilation of different buildings. They also 
'ndicate the effect on pure country air of polluted colliery air brought in by the 

’’^sults are stated as percentages by volume of CO, in the air taken from 
, ® localities indicated, and are probafely accurate to the second place of 

decimals. 
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Nottingham : 

The top of the Castle Rock ; fresh air outside . . . 0 038 

University College, the grounds 0 013 

„ „ the chemical laboratory, evening, 30 students 0 009 

Masonic Hall, lower room, 12 p.M. 0'179 

„ „ upper room, during dancing .... 0-312 

Circus building, promenade, 10 p.m 0-320 

Private sitting-room, 1620 cubic feet capacity, open fireplace, 

closed for 3 hours with two persons and three gas-jets . . 0-284 

Committee- room, closed for 2^ hours with fifteen persons and 

twenty-seven gas-jets 0-418 

Wesleyan Chapel, near floor, after afternoon service, windows and 

doors closed 0-218 

Pasture fields, Derbyshire, wind from hills, bright morning . . 0-030 

Pasture fields, Derbyshire, morning misty, wind from village and 

colliery with burning “ waste heaps ” . . . . 0-045 

London : 

Charing Cross, February ; fresh air outside . « . • 0 032 

Lmidtio Asylum ward, outside London ..... 0-054 

„• „ fresh air outside 0 025 

Air inside Groathead tunnelling shield 0 218 

Theatre, gallery 0-175 

,, up{)or circle 0-22S 

Chelsea, average on fine days 0-040 

„ „ foggy days 0-100 

Chemical laboratory, 36 students and 40 gas-burners, fine day . 0 092 
.. ' .» .. ». M [oggy 

Small chemical lecture-room, 40 students present for 3 hours . 0-161 

Chemical lecture.theatro, 27 students present fori hour . . 0-053 

Gymnasium, 46 men present for 2 hours, ventilated only from 

the corridor . ' 0-197 

Underground railways 0-044 to 0-116 

..lifts .... 0*082 ,,0152 

„ carriages (closed) . . . 0-096 „ 0-288 


The above results serve as a measure of the adequacy of the ventilating arrange- 
ments, which varies inversely as the proportion of carbon dioxide found in the air 
of the building. 

But to enable a correct jud gment to be formed , a determination of the percentage 
of carbonic dioxide present in the air outside the inclosed apace should also generally 
be made, since in many plaoes it cannot be assumed that the external air contain^ 
only 0*038 per oent, of carbon dioxide, and manifestly the internal air should be 
compared with the air outside the inclosure which is being examined. The above 
experimental results show that external air in London in fine weather oontain!* 
much less carbon dioxide than it does in foggy weather, and this difference naturally 
affects also the internal air of buildings. 
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920. Introductory Remarks.— By ihe term “vapour density” is 
usually meant the density or specific gravity of a vapour referred to that 
of hydrogen as unity. 

For chemical purposes hydrogen is invariably selected as the standard 
Instead of air, and mainly for the following reason. It is acknowledged that 
equal volumes of gases and vapours under similar conditions contain an 
equal number of molecules, and that the molecule of hydrogen consists of 
two atoms ; accordingly the molecular weight of a gas or vapour may bo 
obtained by multiplying its density by 2 . The determination of the vapour 
density of a substance therefore furnishes a moans of ascertaining its molecular 
weight. This method is supplementary to others which have been already 
described (820 824). 

Among the recent methods for determining vapour density that of Victor , 
Meyer (921) presents the advantage of simplicity as regards the apparatus 
used, the manipulation, and the calculation of the result j it further requires 
the use of only a small amount for substance. 

The method of Dumas {925) is more complicated in every respect, and 
requires a larger amount of substance. 


Thh Meyer Vapour Density Method. 

921. This method determines the volume of the vapour which is pro- 
duciblc from a known weight of a volatile substance, by measuring the volume 
of air which the vapour displaces. 

The volume of the displaced air is measured in c.c. at atmospheric tempera- 
lure and pressure, and while saturated with aqueous vapour ; and from this 
corrected volume of the air when dry and under normal conditions is 
calculated (839, 2 ). This will represent the volume which the vapour of the 
substance would possess if it could exist under normal conditions. The weight 
of an equal volume of hydrogen is then found by multiplying the above numbei 
481 SI 
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of c.G. by 0*0000809, and the density of the vapour of the substance is 
obtained by dividing the weight of the substance by this weight of hydrogen. 


922. The Apparatus which is employed for the determination is 
BhovvTl in Fig. 120. 

The inner vapour- tube (6) is long and narrow, and is enlarged into 
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a cylindrical bulb below. Tlio 
whole tube has a capacity 
of about 200 c.c., and is 

somewhat broader at the to|) 
80 as to admit of being dosed by 
the insertion of a tightly fitting 
cork. A short distance below 
the top a bent capillary delivery- 
tube {c) enters at right angles. 

A broad outer tubo(rt), which 
is enlarged into a bulb at the 
bottom, serves as a heating- 
jacket fdr the inner vapour-1 
A li(piid, which has a much 
higher boiling-point than that of 
the liquid whoso va])our density 
is to bo determined, is plactd in 
the bulb of this jacket. 

Water is frequently u.sed in 
the outer jacket ; but bodies of 
higher boiling-point than water, 
such as amylic alcohol, aniline 
and sulphur, are sometimes 
required. A suitable form of 


Meyer’s Vapour Density Apparatus. jacket around the inner lube 

may replace the vapour ; ntnl 
the inner tube may be made of porcelain and be immersed in molted load, or 


in the vapour of boiling zinc, when a higher temperature is required. 

A moasuring-tube (d), about 100 c.c. in capacity and graduated into fifths 
of a C.O., is filled with water and is inverted in a vessel of water. This stands 


at a convenient height for collecting the air escaping through (c). A labo- 
ratory stool, placed upon the working-bench, is generally of suitable height 
for supporting the vessel of water. 


923. The Process of Estimation.-For practice in the method, the 
vapour density of pure ether may be determined in the following manner 1 
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The ether used for the estimation must have been piuificd as follows : It is 
first freed from alcohol by wa.shing it with salt water, and then dried by being 
shaken with powdered calcium chloride. The last traces of water are now removed 
by dropping into the ether some clean slices of sodium, and allowing the liquid to 
stand for several hours in a loosely corked flask until no more bubbles of hydrogen 
escape from the surface of the sodium, fl’he ether is then distilled off through a 
dry condenser into a clean dry bottle, the first portion of the distillate being rejected 
and only that portion being collected which boils at IM 5° C. 

The apparatus is fitted up as is shown in Fig. 126. The interior of the 
vapour-tubes having been thoroughly cleaned and dried, the bottom is padded 
inside with dry asbestos or sand, and the top is closed by the cork. The 
bulb of the jacket-tube is then half-filled with water, and the vapour-tubo 
is fitted centrally into the mouth of the outer tube by pressing in the two 
halves of a bisected cork, in which small openings are made for the escape 
of steam, The collecting-trough is now arranged as such a height that the 

Fio. 127. 

c 


curved end of the delivery-tube dips beneath the water when the tube is 
clamped in position over the burner. The water in the outer tube is then 
heated to boiling, and is kept boiling vigorously by the Bunsen burner, so as 
to cause steam to escape through the cork in the top of the jacket-tube. 

As soon as no more air-bubbles escape from the delivery- tube (c) through 
the water in the trough, the oork is loosened in the top of the vapour-tubo, 
since the air within it has reached steam-heat and the tube is therefore ready 
for the determination. The measuring-tube (d) is filled with water and is 
clamped in position over the end of the deli very- tube (c). 

Meanwhile a little glass tube about 3 cm. in length is made out of quill- 
tubing, one end being closed and the other being drawn out to a capillary. 
The tube is shown drawn to actual size in Fig. r27a. The tube is weighed, 
aud is then heated, and allowed to cool with its capillary point immersed 
in pure ether until a suitable quantity of the liquid ether has been introduced. 
The tube is then re- weighed with the capillary end open. Its gain in weight 
gives the weight of the ether taken for the experiment. 

The little glass tube for containing the weighed liquid in the above process • 
*nay be furnished with an accurately fitting small stopper (Fig. 126, b). This is 


a 



Weiohino-tubrs, 
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made by grinding a piece of glass rod into the mouth of the tube with wetted 
emery-powder or boro-corundum. The necessity of making a fresh tube for each 
determination is thus obviated. 

The tube containing the ether is then at once dropped into the vapour- 
tube, which is immediately closed by the cork. The ether will begin to boil, 
and its vapour will displace air from the vapour-tube, which will escape in s 
stream of bubbles into the measuring-tube. As soon as no more bubbles 
escape the cork of the vapour- tube is removed. 

The measuring-tube {d) is then removed to a tall cylinder of water, which 
should be at the temperature of the air. The tube is wholly immersed in (ho 
water, and as soon as its contents have gained the temperature of the water 
the tube is raised until the water inside and outside are at the same level. 
The volume of the air is then carefully read, and the temperature of the 
water and the barometric pressure are noted at the same time. 


924* Calculation of Results, — All the data necessary for the calcula- 
tion of the vapour density have now been obtained. According to paragraph 

839. 2, 


The vapour density = 


S X 760 X (1 4- 0-00366.50 
V X {p-w) X 0*0000899 


In which formula: 


S = the weight of substance taken. 
t = the temperature of the water in the cylinder, 
V " the observed volume of the air in 0 , 0 . 
p = the barometric pressure reduced to 0®, 
w = the tension of water- vapour at f®, 

0*0000899 ~ the weight of 1 0 . 0 . of hydrogen. 


Example. — In a determination of the vapour density of ether, the following 
numbers were noted down : 

Weight of ether taken 0*073 gram. 

Temperature of water — 21 *6 0. 

Volume of air displaced — 26*3 0 . 0 . 

Barometric pressure at 0® — 748*6 mm. 

Tension of aqueous vapour *=» 19 07 mm. 


Hence the vapour-density — 


0*073 X 760 X (1 -p 0*003665 x 21*5) 
“26*3 X (748*6- 19 07rx~0*0()00899‘ “ 


. 1 () 01 


The Dumas Vapour Density Method. 

925 * This method determines the weight of a definite volume of ^ 
vapour of the substance, which has been measured at a known temperate e 
and pressure. From this result the volume which the vapour would possess, 
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if it could exist under normal conditions of temperature and pressure, 
is calculated ( 839 , 1). The weight of an equal volume of hydrogen is then 
obtained by calculation, and the vapour density of the substance is found 
by dividing the weight of the vapour by that of the hydrogen. 

926 . The Apparatus required for the Process is shown in Fig. 128. 
A large thin glass bulb, with ite neck drawn out, is used for containing 


fio. 128 . 



Dumas’ Vapour Density .Apparatus. 


the vapour j it has a capacity of about 200 c.c. Such a bulb may be 
purchased, or may be made by drawing out the neck of a round llask. After 
the liquid has been introduced, the bulb is supported in a double clamp, and 
immersed in a suitable liquid contained in a large vessel. A copper water- 
, placed on a tripod-stand and heated by a gas-burner, serves the purpose 
well. The temperature of the liquid in the bath is taken by means of a 
thermometer, the bulb of which is placed near the middle of the vapour-bulb. 

927* The Process of Estimation.— For practice in the process, 

vapour density of pure benzene may be determined in the following 
uianner 1 
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The empty apparatus having been arrangpd as is shown in Pig. 128, the 
bulb is removed together with its clamp. The bath is then nearly filled with 
water, which is heated to boiling. 

Meanwhile the clean dry bulb is weighed, after remaining in the balanfc- 
case for some time. About 20 c.c. of the j)ure benzene are then introdufed 
into the bulb by heating it and allowing it to cool with its open end iinineisod 
in the li(piid. 

The bulb is now fixed in its clamps and is immersed in the gently boilin': 
water in the bath, with the end of the tube projecting about 2 cm. above 
the suifaco of the water. The bulb is clamped in this position. The ther- 
mometer is also at once fixed, with its bulb level with the middle of the va|>oiir- 
bulb and close to it. 

The benzene will boil vigorously, and the vapour which it evolves will 
pass out from the neck under pressure expelling the air from the bulb. When 
the vapour has issued for some time and begins to escape more quietly, it 
may be kindled at the end of the tube, and the dropping of the flame will then 
servo to indicate the moment at which the issue of vapour ceases. The end 
of the tube is then at once sealed by bringing a blowpipe-flame to bear upon it. 
At this moment the temperature shown by the thermometer immersed in the 
bath, and the barometric pressure are read. 

The bulb is now removed from the bath, and is at once thoroughly tlried 
and allowed to cool. It is then placed in the balance-case for some time in 
order that it may assume the temperature of the air inside the case. The 
sealed bulb is then weighed and the temperature within the balance-casc is 
noted. 

A file-scratch is now made near the scaled end of the tube of the bulb, 
and the end is broken off under water which has been freed from air by havinji 
been recently boiled for some time and then rapidly cooled. The water will 
rush into the bulb, and the volume of any air-bubble which remains is then 
found by transferring it to another vessel and measuring its dimensions 
{Nole). The water is then allowed to flow out into a graduated measuring- 
cylinder, and the volume of the water, together with that of any air-bubblo 
which was in the bulb, when it has been reduced to absolute c.c. will gh® 
the capacity of the bulb { 243 ). The water may be weighed instead of being 
measured, and its volume may then be calculated. 

.No/e.— -If the residual bubble of air b of appreciable size it must be allowed 
for both in the weight of the vapour (G), and in the weight of the hydrogen. 

928. Calculation of Eesults.— All the data for calculating the vapour 
density from the corrected volumes ( 839 , 1 ) have now been obtained. Thf 
following are the necessary data : let 
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g ~ weight of bulb. 

G = apparent weight of bulb filled with vapour. 
t = temperature of air, second weighing. 

T = temperature of bath at the time of sealing the bulb. 
p = barometric pressure, height of mercury column reduced to 0“. 
c = capacity of bulb in c.c. 


The Weight of the Vapour. — Neglecting certain corrections of minor 
importance, the weight of the vapour which tilled the bulb is obtained by 
subtracting the weight of the bulb from the apparent weight of the bulb and 
vapour, and adding the weight of the volume of air which was displaced by 
the bulb at the temperature {t) and pressure (p) of the last weighing. Accord- 
ingly : 


Weight of vapour = G - ^ + 


c X p X 0*001203 
7()0( rT0*00366i^ ‘ 


The Weight of the Hydrogen, which would fill the bulb at the temperature 
of the bath (T) and at the barometric pressure (p), will be found by the 
following expression : 


Weight of hydrogen = 


c X p X 0*0000899 

TGOTT + 0~W8665T) ‘ 


The Vapour Density will be found by dividing the weight of the vapour 
which fills the bulb, by the weight of an equal volume of hydrogen under the 
same conditions. Accordingly making use of the results of the above calcula- 
tions j 


The vapour density = - 


weight of vapour 


weight of hydrogen 


Example. — In a determination of vapour (lensity, 

Weight of the bulb •=• 23*683 grams. 

Apparent weight of the bulb + vapour 23*957 grams 
Temperature of air =» 16® C. 

Temperature of bath = 112® C. 

Barometric pressure — 755 mm. 

Capacity of bulb -■ 180 c.c. 

Therefore the weight of vapour filling the bulb at 1 12® (x) 


« 23*957 - 23*683 + 




760(1 + 0*003665 x 16)* 


And the weight of an equal volume of hydrogen (y) 


180 x 765 x 0*0000899 
760ll + 0<K)3666 X 112)* 

And the vapour density 43*16. 
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TABLES FOE EEFEEENOB. 


RESULTS OP TYPICAL ANALYSES. 

ATOMIC WEIGHTS OP ELEMENTS. 

FACTORS FOR GRAVIMETRIC ANALYSIS. 

EXPANSION OP WATER. 

PRESSURE OP AQUEOUS VAPOUR. 

FACTORS FOR NORMAL GAS-VOLUME. 

ALCOHOL TABLES. 

SPECIFIC GRAVITY OP SOLUTIONS OP ACIDS AND 
ALKALIS. 

CONVERSION OP THERMOMETRIC AND TWADDELL 
DEGREES. 

DATA POR OILS, PATS AND WAXES. 

WEIGHTS AND MEASURES. 

USEFUL MEMORANDA. 


939. Introductory Remarks.— This Section of the book contains 
tabular matter which will frequently be referred to during the calculation 
of the results of analysis, as well os for the purposes of comparison when I be 
results have been calculated. 

The results obtained from typical analyses of various substances are 
tabulated in paragraplis 940^974 and will serve aa a standard of comparison 
for the student after he has calculated his results. 

During the calculation of the results of gravimetric analyses reference 
to the table of Atomic Weights (980) will often be necessary, and the use 
of the Factors for Gravimetric Analysis or their Logarithms (981) will lessen 
the labour of oaleulation. 

Kopp’s Table for the Expansion of Water by heat (982) is added for ns® 
in the calculation of results when measuring-vessels are being calibrated (243 
488 
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247, 846) ; and Regnault’s tabulatwl lesults for the pressure oE aqueous 
vapour (983) are required in calculating the results of gas analyses. 

The Table of Factors for converting the Volume of a gas at any tempera- 
ture and pressure to its Normal Volume at 0 ° C. and 760 mm. pressure (984), 
will also be found useful in gas analysis and in vapour density determinations. 

The Alcohol Tables (985, 986) furnish the percentage of absolute alcohol 
or of proof spirit which is present in dilute alcohol, from the result of its 
specifio gravity determination. 

Similarly the tables which follow (987 992 ) give the percentage weights 
of sulphuric acid, hydrochloric acid, nitric acid, potas ium hydrate, sodium 
hydrate, and ammonia respectively, which are present in aqueous solutions 
of these substances of known specific gravity. 

The next Table ( 993 ) furnishes the necessary characteristics for the 
identification of Fats, Oils, and Waxes. 

Then follow the formulas for calculating specific gravity from degrees 
Twaddell and vice versd (994)» conversion of Thormomotric 

Scales (995). 

The tabular matter also includes a scheme showing the relations between 
the different denominations in the Decimal and English Weights and Measures 
^996-999)* ^ Useful Memoranda of general application, and it 

concludes with tables of logaiitiuiis and auti-locarithms (lOOI, 1002 ). 
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RESULTS OP TYPICAL ANALYSES. 


Note.— The numbers given are percentages, unless a statement is made to the 
contrary. 


940 . Dolomite, or Magnesian Limestone. 


Carbon dioxide, 

45-64 

Silica, 

1-38 

Iron and Aluminium oxides, . 

1-38 

Calcium oxide, 

30-83 

Magnesium oxide 

20-99 


941 . Burnt Limb. 



Chalk 

lime. 

Grey stone 
lime. 

Lias 

lime. 

Calcium oxide, . . . 

91-9 

78-26 

72-20 

Calcium carbonate. 

3-62 

0-66 

0-71 

Iron and Aluminium oxides, . 

1-68 

3-60 

COO 

Insoluble silicious matter. 

0-39 

080 

0-30 

Soluble silica. 

— 

1000 

15-05 

Water, &c. (by difference). 

3-32 

0-79 

6-14 


942 . Mortar, 


Water, 

10-76 

14-7 

14-0 

Combined water, , 

2-26 

1-6 

2-9 

Calcium oxide. 

6-38 

6-4 

9-0 

Soluble silica, . . . 

2-24 

1-4 

0-7 

Iron and Aluminium oxides, . 

1-63 

1-6 

1-1 

Fine earthy matter, 

3-40 

8-4 

8-6 

Coarse insoluble matter, 

73-44 

57-1 

62-6 

Calcium carbonate, . 



6-9 


Calcium sulphate, . 

— 

0-6 

— 
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943. Spathto Iron-ore. 


1 Ferrous oxide 

49-77 

Ferric oxide, 

. 0-81 

Manganous oxide, 

1-93 

Calcium oxide 

3-96 

Magnesium oxide, . ... 

2-83 

(.\irbon dioxide, ..... 

37-20 

Phosphorus pontoxide .... 

Trace, 

Sulphur 

0-04 

Water, 

1 0-30 

Insoluble residue, ..... 

1 3-12 


944. Salt-cake. 


Water, .... 
Insoluble matter, , 

Iron and Aluminium oxides, 
Calcium oxide, 

Magnesium oxide, . 

Sulphur trioxide, . 
Chlorine, 

Sodium oxide, 


0-05 
0-19 
014 
0*20 
013 
r>7-i7 
0 02 
41 'SO 


945. Portland Cement. 


Insoluble residue, . 

0-36 

1-20 

0-06 

0-32 

Soluble silica. 

21 52 

22-50 

23-60 

23-12 

Aluminium oxide. 

7-95 

8-65 

7-84 

7-27 

Ferric oxide. 

2-69 

3-13 

2-88 

3-65 

Calcium oxide, 

02-30 

59-20 

61-80 

61-44 

Magnesium oxide, 

1-24 

1-22 

1-45 

1-10 

Sulphur trioxide, . 

Ml 

1-43 

0-47 

1-29 

Carbon dioxide, . . . 

1-78 

1-54 

0-66 

0-32 

Combined water, . 

0-27 

0-29 

0-33 

1-19 

Alkalis (by difference), 

L 

0-78 

0-88 

l-Ol 

0-30 
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946. Fei^par. 

Silioa, 

66 14 

Iron and Aluminium oxidea» . 

18*68 

Calcium oxide, 

0*47 

Magnesium oxide, . . , , . 

0-36 

j Potassium oxide, 

11*82 

Sodium oxide, 

3*37 


947. Glass. 



I. 

II. 

III. 

Silioa 

71*71 

70*71 

61*40 

Potassium oxide. . 

12*70 

_ 

9*40 

Sodium oxide. 

2*60 

13*26 



Calcium oxide, « 

10-30 

13*38 



Lead oxide 

_ 



37*40 

Iron and Aluminium oxides, . 

9*60 

1*92 

2*00 

I, Bohemian glass. II. Window glass. III. Flint gl 

lass. 


948. Zinc-blende. 


Insoluble residue 

14*43 

Copper, 

1*81 

Iron, 

12*61 

Sulphur, 

28*40 

Zinc, ....... 

43*06 

CorreB[)onding to ZnS, 64*2 ; FeS, 19*8. 


949. Galena. 


Sulphur, 

13*90 

Lead, 

83*68 

Iron, 

0*83 

Bfanganese, 

1-26 

Silrer 

0*14 
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95p. COPPEE- PYRITES. 


Sulphur, 

.*{516 

Copper, 

:io-oo 

Iron, 

32-20 

Insoluble residue, 

2-64 


951 . Brass. 


Copper, 

70-30 

Zino, ....... 

29-30 

Tin, 

017 

Lead, 

0-28 


952 . -EONZE Coin. 


Copper, 

94-86 

Tin, 

3-90 

Zino, 

M4 


953 . Type-metal. 


1 

Lead, ....... 

61-30 

Antimony, 

18-80 

Tin, 

20-20 


954 . White, or Antifriction Metal. 


Tin 

82-6 

79-2 

Antimony, . , • . 

8-6 

114 

Copper, ..... 

7-7 

6-2 

Lead, 

— 

24 







PERCENTAGE RESULTS OF [955- (157 


955 . German- 

SILVER. 



I. 

II. 

Copper, ..... 

()2'46 

62-40 

Zinc, 

20-85 

22*15 

Nickel, ..... 

15*47 

15*05 

Iron, ..... 

1*06 

Trace. 


956 . Red Hematite- ores. 



I. 

11 . 

Ferric oxide 

86*50 

03*75 

Manganous oxide. 

0-21 

Trace. 

Aluminium oxide, . 



0*73 

Calcium oxide, . . . 

2*77 

0-61 

Magnesium oxide, . . . 

1-46 

0-23 

Sulphur, 

— 

0*03 

Sulphur trioxide, . . . 

Oil 


Carhon dioxide, . . . 

2*96 

__ 

Phosphorus pentoxidc. 

Trace. 

0-32 

Water, and organic matter. 

— 

1*00 

Silica, and insoluble matter, j 

6-55 

3-27 

I. Ore from Ulverston, Lancashire. 

II. Ore from Lake Superior. 


957 . Iron and Steel. 



Kessomer 

PIg-lron. 

Wrought- 

Iron. 

Bcssenicr 

Steel. 

Iron 

03 301 

99*13 

99*446 

Graphite 

2*930 





Combined carbon, . 

0*618 

0*15 

0*234 

Silicon, 

2*72 

0*14 

0 033 

Sulphur, . . . , 

0-062 

0*04 

__ 

Phosphorus 

0*039 

0*47 

0-044 

Manganese, .... 

0*105 

0*14 

0*139 

Copper, ..... 

0*010 



0*106 

Arsenic, .... 

0*075 

-- 

— 
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958 . Coal. 





_ — , 


Antbra- 

Non cak- 



cite. 

ini? I.ony 
Flame, 

Coal. 

Moisture, .... 


11-72 

4-36 

Volatile matter, 

6-84 

47-34 

36-92 

Coke, 

9316 

60 08 

67-94 

Ash, 

l-CS 

2-68 

1-78 

Sulphur, .... 

0-77 

0-57 

2-11 

Calorific power. 

8629 

7426 

7484 


959 . SUPBEPHOSPHATB OF LiMB. 


Moisture, 

15-00 

Organic matter, 

12-00 

Soluble phosphate, . , , , . 

18-00 

Equal to Ca 3 (POJj , .... 

28-28 

Insoluble phosphate, .... 

6-00 

Calcium sulphate, 

41-95 

Alkalis, &o., 

0-65 

Sand, 

6-50 


960 . Cambridge Coprolites, 


Moisture, 'j 


Combined water, > 

4-04 

Organic matter, J 


Silicious matter, 

8-19 

Calcium phosphate, .... 

68-09 

Oaloium carbonate, .... 

21-12 

Iron oxide 

2-18 . 

Aluminium oxide, . . . . 

2-06 

Magnerium oxide, alkalij, &o.. . 

4-33 1 
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961 . Bone Meal. 



Raw. 

Steamed. 

Moisture, .... 

6-91 

8-46 

♦Organic matter. 

39‘31 

17-29 

Calcium phosphate, . 

46-00 

63-99 

tCalcium carbonate, fto., . 

6-78 

8-97 

Sand 

1-40 

1-30 : 

♦Containing nitrogen, 

4-35 j 

1-36 

(Equal to ammonia), 

6-28 1 

1-6 

fContaining calcium oxide, 


4-67 


962 . Basic Slao. 


Moisture, 

0-13 

Calcium oxide, 

.32-42 

♦Phosphorus pentoxide, .... 

18-44 

Ferrous oxide, &o., .... 

39-46 

Silica 

9-66 

•Equal to CajlPO^),, .... 

40-26 


963 . Pbruvun Guano. 


M-^isture, 

♦Organic matter, 

Calcium phosphate, Caj(PO^),, , 

fA^alis, &o., 

Sand ' . 

9-71 

4019 

19-00 

13-06 

18-06 

♦Containing nitrogen, .... 

8-46 

Equal to ammonia, ... . 

10-26 

fContaining P,0,, 

0-40 

Equal to Ca^CPO^)^ .... 

0-87 

Total P,0, 

9-10 

Equal to CajlPO^) 

19-87 
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964 . Water. 
Parts per 100,000. 



U|ilanil 

Surface. 

Deep 

Well 

(Nottliig. 

iiam). 

Shallow 

Well 

(Bclvolr), 

Trent Kiver 
Water 
(Polluted). 

Total solids, . , 

7-8 

19-4 

69*5 

55-4 

Ammonia, 

Nil. 

Nil. 

0 001 

0-074 

Albuminoid ammonia, 

0 002 

0*002 

0-008 

OTll 

Oxygen consumed. . 

0 05 

0*037 

0*005 

0-082 

Chlorine, 

0-8 

1.5 

4-8 

6-5 

Nitrite 

Nil. 

Nil 

Nil. 

Nil. 

Nitrogen as nitrate. . 

NU. 

0-76 

2 83 

0-33 

Temporary hardness, 

Nil. 

9-7 

15-4 

18-5 

Permanent ,, . . 

2-3 

3 5 

23 4 

16-5 

Total ,, . . 

2 3 

132 

.38-8 

35-0 


965 . Milk. 



Peoar 

Quality. 

Average Quality. 

I. U. 

Rich 

Quality. 

Water, 

88 *.58 

87*70 

87*79 

86*43 

*Fat 

2*30 

3*58 

3-58 

5-08 

fProteins. 

3*56 

|7-98 

1 3*50 

3*23 

Lactose, Ac. (by difference), 

4*76 

] 4-32 

4-47 

Ash, . . , 

0-8 

0*74 

0-81 

0-74 

Specific gravity at 60 ” F., 

1*0326 


1 0300 

1-0275 

*Fat by calculation, 



3*7 

6*3 

fContaining nitrogen, 

! 

1 

1 ••• 

0*56 

0-61 
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966 . Butter and Margarine. 



Irish liiittcr. 

I. II. 

Snlt Butter. 

I. JI. 

Miir;>:iriii( 

I. 

Water, 

14-9 

14-3 

13-5 

9-5 

7-8 

1 

Fat, 

82-5 

84-6 

84-3 

88-1 

89-5 

8 

Curd, 

1-9 

0-8 

0-3 

1-0 

1-7 


Salt, 

0-7 

0-3 

1-9 

1-4 

1-0 



N 

N 

N 

N 

N 


Reichert-Meissl, 



^‘Vo 


^"10 


Insoluble acids, 

85-6% 

86 - 8 % 

86-3% 

86 - 1 % 

94-1% 

0 

Saponification, KOH, 

22-61% 

22-39% 

22-35% 

23-40/J 

19-29% 

l!l- 

100 ° 







Specific gravity C. 

0-8662 

0-8669 

0-8662 

0-8667 

0-8613 

0-8 


967 . Pale Kesin Soap. 


Fatty anhydride, 

48-44 

Sodium oxide (soda) in combination, 

6-85 

Resin, 

23-97 

Sodium silicate, 

0-29 ’ 

Silica, .... . 

0-55 

Sodium carbonate, .... 

1-63 

Sodium hydrate (caustic sod»\ , 

Trace. 

Water, 

18-37 


968 . Soaps. 



Curd. 

Castile. 

Tallow. 

Soft. 

Water 

27-6 

14-0 

20-9 

38-4 

Fatty anhydride. 

67-7 

77-0 

71-0 

48-4 

Alkali, combined. 

7-6 

8-7 

8-9 

12 0 

Alkali, free. 

0-1 

0*3 

0-3 

3-2 

Silica, .... 

0-5 

— 

— 

0-2 

Insoluble in alcohol, . 

— 

M 

1*0 

ri 
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969 . Coal-gas, ' 

‘ Pure 


I. M. 

Carbon dioxide, 

0-00 

0-00 

Oxygen, 

0-00 

0-00 

Olefines & Benzenes, 

5-60 

6-00 

Carbon monoxide, . 

9-60 

9-24 

Methane, 

38-96 

40-48 

Hydrogen, 

42-94 

40-00 

Nitrogen (by differ- 



ence), 

2-90 

4-28 


and “ Knrtched.” 


rule, 

MI. IV. 


1- 4.3 
0-5.5 

2- 75 
7-69 

31 32 
50-22 


0-38 
0-00 
6-17 
4 -86 

40- 67 

41- 72 


6-04 


6-20 



I Knrieliod. 

V, 


M. 

0-0 

1-44 

2 83 

0-2 

0-00 

0-00 

5-3 

5-17 

5-66 

6-6 

16-26 

16-98 

.34-2 

2.3-84 

23-58 

48-2 

41-82 

40-85 

5-5 

9-47 

10-10 


! 


970 . Blast-furnace Gas. 


Carbon dioxide, 

6-8 

Oxygen, 

0-1 

Carbon monoxide 

29-8 

Ethylene, 

0-0 

Hydrogen 

5-4 

Methane 

2-2 

Nitrogen (by diffei-ence), .... 

65-7 


971* Gases Dissolved en Water. 


Percentage Composition of Total Gas evolved on boiling. 



Rain- 

water 

(973). 

Notting- 

ham 

Supply 

(973). 

Grand 

Junction 

Canal 

(974). 

Deep 

Chalk 

Well. 

^^ygen, .... 

30-7 

22-0 

9-8 

0*4 

Nitrogen, .... 

61-8 

00-2 

22-1 

25-9 

Carbon dioxide, 

7-5 

11*8 

68-1 

73-7 
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RESUT.TS OF TYPICAL ANALYSES. 


[972-9:4, 


972. Gases Dissolved in Rain-water. 

Volume of Gaa in c.c. evolved from 100 c.c. of Rain-water. 



At fiO* C. 

By Boiling. 

Total. 

O.-cygen, ... 

0()71 

0014 

0 685 

Nitrogen, 

1-348 

0 033 

1-381 

Carbon dioxid?, 

0-045 

0-071 

01 16 

Total volumes. 

1 2-064 

0118 

2-182 

I 


973. Gases Dissolved in Deep Well-water. 

Volume of in c.c. evolved from 100 c.c. of Nottingham 
Water supply from deep wells in sandstone. 



At 15-6’ C. 

ByBolllng. 

Total. 

Oxygon, .... 

0-40 

0-76 

116 

Nitrogen, .... 

1-24 

2-25 

3-4t) 

Carbon dioxide, 

0-10 

0-52 

0-02 

Total volumes, . . 

1*74 

3-63 

5-27 


974. Gases Dissolved in Canal-water. 

Volume of Gas in 0 . 0 . evolved from 100 c.c. of Grand Junction 
Canal Water. 



At 60* C. 

By Boiling. 

Totnl. 

Oxygen, .... 

0-609 

0-011 

0-620 

Nitrogen, .... 

1-391 

0-007 

1-398 

Carbon dioxide. 

0-420 

3-877 

4-297 

Total volumes, 

2-420 

3-895 

6-316 



TABLE OP ATOMIC WEIGHTS, 
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980. ATOMIC WEIGHTS Op'tHE ELEMENTS. 

International Atomic Weights for 1917. 


Niimo. 


Aluminium . 
Antimony . 
Argon 
: Arsenic 
I Bariuni 

I Beryllium or Glu 
I (!inum 
Bismuth 
I Boron 
Bromine 
(’ad mill m 
j (’lesium 
I ('aleium 
I Carbon 
I Cerium 
! Chlurino 
I Chromiiini . 
Cobalt . 
Celurnbium . 

b’opjior 

I dysprosium. 

I Brbium 
Biiropium . 
Bluorine 
Gadolinium 
Gallium 
I Germanium 
j Glucinum, sec 

I I^pryllium^ 

I Gold . 

: Helium 
Hohniuni . 
H}alrogen . 

liidiuiu 

Iodine. 

Hidium 
Iron . 

I^ypton 
I-^nthanum 
I-<ead . 

Lithium 
Lutecium . 
^Ifignesiuni 
i^Ianganese 


Symbol 


A1 

Sb 

Ar 

As 

Ba 

. B(' 
Bi 
B 
Bl- 
ed 

(s 

Ca 

a 

a 

Cl 
Or 
Co 
Cl) 
Cu 
Dy i 
Kr ' 
Eu 

F i 
Gd ; 
Ga 
Ge 


Alora'c 

Weight. 


Nome. 


SjTnbol. 

Weight. 


Au 

He 

Ho 

H 

In 

I 

Ir 

Fo 

Kr 

La 

Pb 

Li 

Lu 

Mg 

Mri 


27-1 
120*2 
;in*88 
74 -98 
137-87 

0*1 

■ 208*0 
11*0 
79*92 
112*40 
132*81 
40*07 
12*00 
I10*2o 
35*40 
52*0 
58*97 
93*1 
03*57 
102*5 I 
107-7 
152*0 : 
19*0 
157*3 
09*9 


197*2 

4-00 

103-5 

1 - 008 ! 

114*8 

126-92 

193*1 

55*84 

82*92 

139-0 

207*20 

6-94 

175-0 

24*32 

54*93 


Mere 11 ry 
i Molybdenum 
I Neodymium 
Neon . 

Nickel . 

Niton (Ra-emam 
tion ) 

Nitrogen 

Osmium 

Oxygen 

Balladium 
Phosphoru . 
Platinum 
Potassium . 
Praseodymimn 
i Radium 
I Rhodium 
i Rubidium 
I Ruthenium . 

I Samarium . 
j Scandium . 

I Selcnion 
Silicon 
Silvi'i* . 

Sodium 

Strontium . 

Sulphur 

Tantalum 

Tellurion 

Terbium 

Thallium 

Thorium 

Thulium 

Tin . 

Titanium 
Tungsten 
Uranium 
Vanadium . 
Xenon 
Ytterbium . 
Yttrium 
Zinc . , . 

Zirconium . 


Hg 

Mo 
Nfl 
Ne 
Ni j 

j ^ i 

Os 

! 0 

I Bd 
P 
Pt 
K 
Pr 
Ri 
Rh 
Rb 
Ru 
S;l 
Se 
S,' 

Si 

Ay 

\:l 

Sr 

S 

4'a, 

4'e 

Tr 

T1 

Th 

Tu 

Sn 

Ti 

W 

U 

V 
X 
Yb 

Y 
Zn 
Zr 


200*0 

90*0 

144*3 

20*2 

58*08 

222*1 , 
14*01 I 
190*9 I 
16-00 
100*7 I 
31*04 I 
105*2 
39*10 
i 140*9 

I 220*0 

' 102*9 
85*45 
101*7 
150*4 
44*1 
79*2 
28*3 
107*88 
23*00 

87- 03 
32*00 

lsl*5 

P27-5 

159*2 

201*0 

232*4 

108*5 

118*7 

48*1 

184*0 

238*2 

51*0 

130*2 

173-5 

88- 7 
05-37 
90-6 



FACTORS FOR GRAVIMETRIC ANALYSIS. 

981 . The weight of the substance in the second column, when mullipliod 
by the factor, furnishes the corresponding weight of the substance on the 
same line in the first column. Thus the weight of Ag in 0T)4 gram of 
AgCl = 0-fi4 X 0-75276 = 0*48176. 


Required. 

Weighed as j 

1 

Factor. 

Logarithm. 

Ag 

AgCl 

0-75276 

1 ■S7l)ij.3 

AgCl 

Ag 

1-32845 

0-12335 

AgBr 

Ag 

1-74085 

0-24077 

Al 

AhO^ 

0-53033 

1 72455 

As 

Aa,S, 

0-60931 

1 -78484 

As 

MgAs-O; 

0-48276 

1-68372 

As., 0 ^ 

Aa, 8 ., 

0-80429 

4 -90.111 


Mg^A3./)j 

0-63723 

1-80430 

As^O, 

As,S3 

0-93428 

T-97048 ; 

As..Ofi 

MgijAS^O; 

0-74021 

T -86936 1 

AsO, 

AaA 

1-12926 

0-52809 

AsOi 

MgnAsoO, 

0-89470 

1-95168 ! 

Ba 

BaSO» 

0-68854 

T-76977 

BiO 

BaSO^ 

0-65707 

T-81761 

Bi 

BiPa 

0-89677 

T-95268 

B ,03 

AgCl 

0-48762 

T -68799 

Br 

AgBr 

0-42557 

1-62897 f 

Cd 

CdS 

0-77807 

T-89002 i 

CdO 

CdS 

0-88883 

X*94881 j 

Ca 

CaO 

0-71429 

T-85387 

Ca 

CaCOj 

0-40000 

T-60200 

CaO 

CaCOs 

0-56000 

T-74819 ’ 

C 

CO, 

0-27273 

1-43573 , 

CO 3 

CO, 

1*36364 

0-13470 

Cl 

AgCl 

0-24724 

1-39311 

CIO 3 

Aga 

0-68203 

1-70494 

CN 

Ag 

0-24127 

T-38250 

CN 

AgCN 

0-19437 

1-28863 

Cr 

CrA 

0-68463 

1-83545 ' 

CrO, 

Cr,0, 

1*31637 

0-11905 1 

Cr04 

Cr,Oj 

1*62662 

0-18345 

CoO 

Co 

1*27119 

0-10421 

Cu 

CuO 

0*79823 

1-90213 

Cu 

Cu,S 

0*79869 

1-90238 

CuO 

Ca,S 

0*99963 

T-99984 

P 

CaP, 

0-48718 

1-68769 

Fe 

Fe, 0 , 

0-70000 

T-84510 

H 

H,0 

6-11111 

1-04575 

HCl 

AgCl 

0-25422 

T-40521 

HCN 

AgCN 

0-20184 

1-30500 

\ Hg 

HgS 

0-86202 

1-93552 


602 



Required. 

Weighed as 

Factor. 

Logarithm. 

HgSO 

BaS04 

0-42003 

1*62328 

I 

Agl 

0-O4031 

T-73264 

K 

K.,SO 

0-44907 

T -65232 

K 

KoPtCle 

0-I61I8 

1*20730 

KjO 

K.SO 4 

0*54084 

1-73306 

K ,0 

Iv^PtClg 

0*19411 

T -28805 

KoO, 

KCl 

0*03204 

1*80074 

KCl 

K^PtCl^, 

0*30712 

1*48731 

Mg 

Mg,P,0, 

0-21875 

1*33995 

MgO 

Mg,P,0, 

0-36243 

T-55922 

Mn 

Mn 30 , 

0-72052 

1*85765 

MnO 

Mn.O^ 

0*93013 

1*96854 

Mn04 

Mn ..04 

1*55896 

0*19283 

Na 

NaoS 04 

0-32428 

1*51092 

Na 

NaCl 

0-39412 

1*69563 

Na,/) 

Na,S04 

0*43683 

1*64031 

NaaO 

NaCl 

0-63085 

1*72497 

Ni 

NiO 

0*78194 

1-89532 

N 

Pt 

0*14415 

1*16881 

N 

(NH4)2PtCl3 

0*06330 

ir*80143 

NH, 

Pt 

0*17491 

1*24291 

NH 3 

(NH4)„PtC\ 

0*07683 

1-88553 

NH 4 

P‘t 

0*18522 

1-26768 

NH 4 

(NH4).>PtCl, 

0*08133 

2*91029 

Pb 

PbO 

0*92822 

1-96765 

Pb 

PbS 04 

0*68293 

1*83437 

PbO 

PbS04 

0 73574 

1*86673 

P 

Mg,P, 0 , 

(»-27838 

1*44403 


MgoP.O 

0-63757 

1-80453 

PO 4 

Mg, PA' 

0-85309 

1-93099 

Sb 

SbgS, 

0-71390 

1-85364 

Sb 

Sb204 

0-78948 

1-89734 

SbjOa 

Sb,S 3 

0*85608 

1-93282 

Sb,03 

Sb^O* 

0-94737 

1*97652 

Si 

SiOa 

0*46703 

1*66934 

Sn 

SnO .4 

0*78738 

1*89018 

Sr 

SrS 04 

0-47697 

1-67849 

SrO 

SrS 04 

0*66409 

1*75135 

S 

BaSOi 

0*13732 

1*13775 

SOj 

BaS04 

0-27440 

1*43837 

S 03 

BaS04 

0*34293 

1*53520 

S 04 

BaS 04 

0.41146 

1*61433 

SaOj 

BaS 04 

0*24013 

1*38044 

2 n 

ZnO 

0*80344 

1*90496 

Zn 

ZnS 

0*07104 

1*82676 

ZnO 

ZnS 

0*83621 

. 1 

1*92180 


603 
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EXPANSION OF WATER BY HEAT. 


[‘J 82 , 


982 . Expansion of Water . 
(Kopp). 


Teiiipera- 

luro, 

Centigrade. 

Vohiiuo 
(Volume at 
0"-l). 

Density 
(Density at 

Volume 
(Volume at 

Density 
(Density at 
4®-l). 

0 

1 00000 

1 *000000 

1-00012 

0*999877 

1 

0*99996 

1 *000053 

1 *00007 

0-999930 

2 

0-99991 

1*000092 

1*00003 

0-999909 

3 

0-99989 

1*000115 

1*00001 

0*999992 

4 

0*99988 

1*000123 

1*00000 

1*000000 

6 

0*99988 

1*000117 

1*00001 

0-999994 

6 

0*99990 

1*000097 

1 *00003 

0*999973 

7 

0*99994 

1*000062 

1-00006 

0*999939 

8 

0*99999 

1*000014 

1*00011 

0-990890 

9 

1*00005 

0*999952 

1-00017 

0-999829 

10 

1*00012 

0*999876 

1 *00025 

0-099753 

11 

1*00021 

0-999786 

1 *00034 

0 - 999 G 04 

12 

1-00031 

0*999686 

1 *00044 

0-999502 

13 

1*00043 

0*999572 

1 -ooors 

0.9994 4 il 

14 

1 00066 

0*999445 

1*00068 

0-999322 

16 

1 00070 

0*999306 

1*00082 

0*999183 

16 

1-00085 

0*999166 

1*00097 

0*999032 

17 

1-00101 

* 0 * 99899*2 

1*00113 

0*998809 

18 

1*00118 

0*998817 

1*00131 

0 •998095 

19 

1*00137 

0*998631 

1-00149 

0*098509 

20 

1*00167 

0*998435 

1*00169 

0*998312 

21 

1*00178 

0*998228 

1*00190 

0*998104 

22 

1*00200 

0-998010 

1*00212 

0*997880 

23 

1*00223 

0*997780 

1*00236 

0-997057 

24 

1*00247 

0*997641 

1-00269 

0-997419 

26 

1-00271 

0*997293 

1 *00284 

0*997170 

26 

1*00295 

0*997036 

1*00310 

0*996912 

27 

1*00319 

0-990767 

1*00337 

0 * ii 9 C 044 

28 

1*00347 

0-996489 

1*00366 

0*996307 

29 

1*00376 

0*996202 

1*00393 

0-996082 

30 

1*00406 

0-996008 

1-00423 

0*996787 
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PRESSURE OF AQUEOUS VAPOUR. 
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983. Pressure of Aqueous Vapour kor each Vej^th of a 
Degree Centigrade from O'* to 30 "" C. 

(Regnault), 




506 


FACTORS FOR CALCULATING 


hese 

LTOSS 

igep. 


[ 98 } 


984. FACTORS FOR CALCULATING THE 

TI 10 volume of a gas, measured at an ordinary temperature and pressure 
the observed volume by the factor. The factor is found in tlio vertbi 
apherio pressure in mm. in the first column of the table. Thus the factor 









— . . — 

— — - 

Pressure. 

7‘ 

8' 


10“ 

11* 

12“ 

13“ 

!4^ 

730 

•9365 

•9332 

•9299 

•9206 

•9233 

•9201 

•9109 

• 91:17 

731 

•9378 

•9345 

•9311 

•9278 

•9240 

•9214 

•9182 

•9ia0 

732 

•9391 

♦9357 

•9324 

•9291 

•9258 

•9'22G 

•9194 

■9162 

733 

•9404 

•9370 

•9337 

•9304 

•9271 

•9239 

•9207 

•9175 

734 


•9383 

•9350 

•9317 

•9284 

•9252 

•9220 

•9187 

735 

•tH29 

•9390 

•9362 

•9329 

•9297 

•9204 

9232 

•9200 

736 

■M42 

•9408 

•9375 

•9342 

•9309 

•9270 

•9244 

.9212 

737 

•9455 

•9421 

•9388 

•9354 

•9321 

•9288 

'9255 

•9225 

738 

•9408 

•9434 

•9401 

•9308 

•9335 

'9302 

•9209 

•9237 

739 

•9481 

•9447 

•9413 

•9381 

•9348 

•9316 

•9282 

•9250 

740 

•9493 

•0459 

•9426 

•9393 

•9300 

•9327 

.9294 

■9262 

741 

•9606 

•9472 

•9439 

•9400 

•9373 

•9340 

•9307 

■9275 

742 

•9519 

•9485 

•9462 

•9419 

•9380 

•9352 

■9320 

•9287 

743 

•9632 

' -9498 

.9464 

•9431 

•9398 

•9365 

■9332 

•9300 

744 

•9545 

j -9511 

•9477 

•9444 

•9411 

•9378 

•9345 

•9312 

745 

•9558 

•9523 

•9490 

•9467 

•9424 

•9390 

•9357 

• 9:125 

746 

•9570 

•9536 

•9502 

•9409 

•9436 

•9403 

•9370 

•9337 

747 

•9583 

•9649 

•9616 

•9482 

•9449 

•9410 

•9383 

•9350 

748 

•9596 

•9562 

•9628 

•9495 1 

•9402 

•9428 

•9395 

•9362 j 

749 

•9609 

•9576 

•9641 

•9507 

•9474 

■9441 

•9408 

•9375 

1 

760 

•9622 

•9687 

•9554 

•9520 

1 

•9486 

•9463 

■9421 

9387 

761 

•9635 

•9600 

•9666 

•9533 

•9499 

•9460 

•9434 

•9400 

752 

'9647 

•9613 

•9679 

■9545 

•9612 

•9478 

•9440 

• 941 ? 

753 

•9000 

•9626 

•9692 

•9558 

•9524 

•9491 

•9459 

•9425 

764 

•9673 

•9638 

•9604 

•9671 

‘9636 

•9503 

•9471 

•9437 








_ 




NORMAL GAS VOLUME. 
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984.] 


VOLUME OP A GAS AT 0" C. AND 760 MM. 

may be converted into its volume under normal conditions by multiplying 
column under the observed temperature and on the same level as the atmo 
for 16’ and 731 ram. is 0‘9086. 


Pressure. 

16® 

10® 

17® 

18® 

19“ 

20® 

21® 

22® 

730 

•9105 

■9074 

•9042 

•9011 

•8980 

•8950 

■8919 

•8887 

731 

•9118 

•9086 

•9055 

•9023 

■8993 

•8962 

•8932 

■8899 

732 

•9130 

•9099 

•9067 

•9035 

•9005 

•8974 

■8944 

•8911 

733 

•9143 

•9111 

■9079 

•9048 

•9017 

8986 

■8956 

■8923 

734 

•9155 

•9123 

•9092 

•9060 

■9030 

•8999 

•8968 

•8935 

735 

•91Cb 

■9130 

•9104 

•9072 

■9042 

•9011 

•8980 

■8948 

730 

•9180 

•9148 

•9116 

•9085 

•9054 

•9023 

•8993 

8960 

737 

.9193 

■9101 

•9129 

•9098 

•9067 

•9035 

•9005 

•8972 

738 

•9205 

■9172 

•9141 

•0110 

•9079 

•9047 

•9017 

•8984 

739 

•9218 

■9186 

•9163 

•9122 

■9091 

•9069 

•0029 

•8996 

740 

■9230 

•9198 

•9166 

•9135 

•9103 

•9071 

•9041 

•9009 

741 

•9243 

•9211 

•9178 

•9147 

•9116 

•9084 

•9054 i 

1 -9021 

742 

•9255 

•9223 

•9191 

9159 

•9128 

•909G 

•906() 

•9033 

743 

•9268 

■9230 

•9203 

•9172 

•9140 

•9108 

•9078 

' -0045 

744 

•9280 

•9248 

•9215 

•9184 

•9153 

•9120 

•9090 

■9057 ' 

745 

■9293 

•9201 

•9228 

•9197 

•9165 

•9133 

•9102 

■9070 

74? 

! -9305 

9273 

■9240 

•9209 

•9177 

•9145 

•9115 

•9082 i 

747 

■9318 

•9285 

■9252 

•9221 

•9190 

•9157 1 

■9127 

•9094 

748 

•9330 

•9297 

•9265 

•9234 

•9202 

•9169 

•9139 

■9106 

749 

•9343 

•9310 1 

•9277 

•9246 

•9214 

•9182 

•9151 

•9118 

' 750 

•9354 

•9322 

•9290 

! 

•9258 

•9226 

•9194 

.9164 

( 

•9130 

T 

•9367 

•9335 

•9302 

•9270 1 

•9239 

•9206 

•9176 

•9143 

! 752 

•9379 

•9347 

•9314 

•9283 1 

•9251 

•9218 

•9188 

•9155 

1 753 

•9392 

•9360 

•9327 

•9296 

•9263 

•9231 

•9200 

■9107 

1 754 

•9404 

•9372 

•9339 

•9307 

•9276 

•9243 

•9212 

! -9179 
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984. FACTORS FOR CALCULATING THE VOLUME 


Pressure. 

70 

8° 

9“ 

10° 

11° 

12° 

13° 

W i 

755 

•0086 

•9o:>i 

•9617 

•9583 

•9548 

•9516 

•9484 

■94;il) 

756 

•9099 

•OGOl 

•9630 

•9506 

•9501 

•9528 

•9496 

■m 

757 

•9712 

•9677 

•9643 

•9609 

•9574 

•9541 

•9509 

•9415 

758 

•9724 

•9690 

•9655 

•9621 

■9587 

•9554 

•9522 

m ! 

759 

•9737 

•9702 

•9668 

•9633 

•9600 

'9566 

•9535 

•DolliJ 1 

760 

•9750 

•9715 

•9081 

•9646 

•9613 

•0579 

■9547 

•9512 ’ 

761 

■0703 

•9728 

•9603 

•9659 

•9625 

•9591 

•9560 


702 

•9770 

•9741 

•0700 

•9072 

•0638 

•9604 

•0572 

•','52)5 ; 

703 

•9788 

•9754 

•9719 

•0684 

•9650 

•9017 

•95S5 

■9550 

764 

•0801 

•9700 

•9732 

•0607 

•9663 

•9630 

•9508 

•9552 

705 

•0814 

•9779 

•9744 

•0710 

•9676 

•9042 

•9010 

■9575 

700 

.0827 

•9792 

.9757 

•072-3 

•0GS8 

'9655 

•9623 

•9587 

707 

•9840 

•9805 

.9770 

•0735 

•9701 

•9668 

•9635 

•9600 

768 

•9853 

•9817 

•9783 

•0748 

•0714 

•9080 

•9648 

•9612 . 

769 

•9805 

•9830 

♦9795 

•0760 

•9726 

•0693 

•9660 

1 -9625 

770 

•9878 

•9843 

j .9808 

•0773 

•0730 

•9705 

•9073 

•9637 ! 

771 

•9891 

•9850 

•9821 

•9786 

•9752 

•9718 

•9685 

•9650 ^ 

772 

•9004 

•9868 

•0834 

•9798 

•9764 

•9731 

•9608 

•9662 , 

773 

•9917 

•9881 

•0840 

9811 

•9777 

•9743 

■9710 

•9675 

774 

•9930 

•9894 

•9859 

•9824 

•9790 

•9751 

•9723 

' 4)687 

775 

•9942 

•9907 

•9872 

•9830 

•9802 

■9768 

•9735 

1 -9700 

776 

•9955 

•9919 

•9884 

•9849 

•9815 

•9781 

•9748 

■9712 1 

1 

777 

•9968 

•0932 

•9897 

•9862 

•9828 

•9794 

■9760 j 

■9725 

778 

•9981 

•9945 

•9910 

•9874 

•9840 

•9800 

•9773 i 

•9737 

779 

•0904 

•9958 

•9923 

•9887 

•9853 

•9819 

•9785 

•9750 

780 

1-0007 

•9971 

•9935 

•9899 

•9806 

•9831 

•9798 

•9762 


1 










984.] NORMAL GAS VOLUME. 509 

OP A GAS AT 0” C. AND 760 MM. [conlinutd). 


Pres.=’ure. 

15“ 

16“ 

17“ 

18“ 

19“ 

20“ 

21“ 

22“ 

755 

•0417 

•9385 

•93.51 

•9320 

•9288 

•0255 

•9225 

•9191 

756 

•9429 

•9397 

•9364 

•9332 

•0300 

•0267 

•9237 

•9204 

767 

•0442 

•9410 

•9376 

•9344 

•0313 

•9280 

•0249 

•9216 

758 

•9454 

•9422 

•9389 

•9357 

•932.7 

•0202 

•9261 

•9228 

759 

•9467 

•9434 

•0401 

•9369 

•9337 

•0304 

•9273 

•9240 

760 

•9479 

•0446 

•9414 

•9381 

•9349 

•0316 

•9286 

•9252 

761 

•9492 

•9459 

•9426 

•9394 

•9362 

•9329 

•9298 

•9264 

762 

•9504 

•9471 

•9438 

•9406 

•9374 

•9341 

•9310 

•9276 

763 

•9517 

•9484 

•9451 

•9418 

•9387 

•9353 

•0322 

•9280 

764 

•9529 

•9496 

•046.3 

•9431 

•9399 

•9365 

•0334 

•9301 

765 

•9542 

•9509 

•9475 

•9443 

•9411 

•9378 

•0347 

•9313 

766 

•9564 

•9521 

•9488 

•9455 

•9424 

•9390 

•9359 

•9325 

767 

•9567 

•9633 

•9500 

•9468 

•9436 

•9402 

•0.371 

.9337 

768 

•9579 

•9645 

•0512 

•9480 

•9448 

•9414 

•0383 

•9349 

769 

•9592 

•9558 

•9525 

•9492 

•9460 

•9427 

•9396 

•9362 

770 

•9004 

•9671 

•9538 

•9505 

•9472 

•9439 

•9408 

9374 

771 

•9617 

•9583 

•9550 

•9517 

•9485 

•9451 

•9420 

•9386 

772 

•9629 

•9695 

•9562 

•9529 

•9497 

•9463 

•9432 

•9398 

773 

•9642 

•9608 

•9576 

•9542 

•9509 

.9476 

•0444 

•9410 

774 

•9654 

•9620 

•9587 

•9564 

•9622 

•9488 

•9456 

•9422 

776 

•9667 

•9632 

•9600 

•9566 

•9634 

•9600 

•9469 

•9435 

776 

•9679 

•9644 

•9613 

•9579 

•9646 

•9512 

•0481 

•9447 

777 

•9092 

•9657 

•9625 

•9601 

•9669 

•9525 

•9493 

•9459 

778 

•9704 

•9670 

•9638 

•9603 

•9671 

•9537 

•9505 

•9471 

779 

•9717 

•9682 

•9650 

•9615 

•9682 

•9649 

•9517 

•9483 

780 

•9729 

•9696 

•9662 

•9628 

•9696 

•9562 

•9530 

9496 



510 


ABSOLUTE ALCOHOL FEOM PENSITY. 


ALCOHOL TABLE 1. 


985 . Percentage op Absolute Alcohol, by Weight and by 

\’OLUME, CORRESrONDINQ TO THE SPHCllTC GRAVITY TAKEN’ 
AT G0° F., OR 15-5° C. Water = 1. 


I. I’orcentngc of Alcoliol by Volume. || 

n. 1 

crccutiiffe of Alcohol by Weiglit, 

Per 

Specific 

Per 

Specific 1 

Per 

Specific 

Per 

.‘specific 

cent. 

Gravity. 

cent. 

Gravity, j 

ccut. 

Gi-aviiy. 

cout. 

Gnivify, 

0 

1-0000 

50 

0-9343 

0 

1-0000 

50 

oois:{ 

1 

0-9985 

51 

0-9323 

1 

0-9081 

51 

O-OKiO ' 

2 

0-0070 

52 

0-0303 

2 

0-0003 

52 

OOKiS 

3 

0-9056 

53 

0-0283 

3 

0-0044 

5.3 

0-91 IG 

4 

0-0042 

54 

0-9263 

4 

0-0028 

54 

0'9(i4!) ; 

5 

0-0928 

55 

0-0242 


0-0012 

55 

0-9072 1 

6 

0-0015 

56 

0-0221 

6 

0-0806 

56 

0 •90-19 i 

7 

0-0002 

57 

0-0200 

7 

0-0880 

57 

0’9027 

8 

0-0800 

58 

0-9178 

8 

0-9866 

58 

0'9004 : 

9 

0-0878 

50 

0-0156 

9 

0-9852 

50 

0-S981 

10 

0-0860 

60 

0-9134 

10 

0-0830 

60 

0-S9;5S 

11 

0-0854 

61 

0-0112 

11 

0-0826 

61 

o-S9;i,) 

12 

0-9843 

62 

0-0090 

12 

0-9813 

62 

0'S91I : 

13 

0-0832 

63 

0-0067 

13 

0-0800 

63 

0-S8SS ‘ 

14 

0-0821 

64 

0-0044 

14 

0-0788 

64 

O-SSG") 

15 

0-08 II 

65 

0-9021 

15 

0-9775 

65 

0-88 12 

10 

0-0800 

66 

0-8007 

16 

0-0763 

66 

O’SSIS 1 

17 

0-9700 

67 

0-8973 

17 

0-0751 

67 

0-879.1 ‘ 

18 

0-0780 

68 

0-8049 

18 

0-0730 

68 

0’8772 : 

19 

0-9770 

69 

0-8025 

19 

0-0727 

00 

0'87IS 1 

20 

0-9760 

70 

0-8000 

20 

0-0714 

70 

0-8724 1 

21 

0-0750 

71 

0-8875 

21 

0-0702 

71 

O-87()0 

22 

0-9740 

72 

0-8850 

2‘^ 

0-0600 

72 

0'8G7G 

23 

0-0720 

73 

0-8825 

2.3 

0-0077 

73 

0-8012 ! 

24 

0-0710 

74 

0-8799 

24 

0-9004 

74 

0-802!) 

25 

0-0700 

76 

0-8773 

25 

0-9651 

75 

0'8005 

26 

0-0698 

76 

0-8747 

26 

0-0637 

76 

0'8.581 ! 

27 

0-0688 

77 

0-8720 

27 

0-0622 

77 

0 •8.557 : 

28 

0-9677 

78 

0-8693 

28 

0-9607 

78 

0-85.33 i 

20 

0-9666 

79 

0-8666 

20 

0-9592 

70 

0-8.509 ! 

30 

0-9655 

80 

0-8639 

30 

0-0577 

80 

0-8184 

31 

0-0643 

81 

0-8611 

31 

0-9560 

81 

0-8459 [ 

32 

0-0631 

82 

0-8583 

32 

0-0.544 

82 

0-823.5 

33 

0-0618 

S3 

0-8555 

33 

0-9526 

83 

0-8409 

34 

0-9605 

84 

0-8526 

34 

0-9608 

84 

0-S3S5 

35 

0-9592 

85 

0-8496 

35 

0-9490 

85 

0-8359 1 

36 

0-9570 

86 

0-8466 

36 

0-0472 

86 

0-8333 

37 

0-9565 

87 

0-8436 

37 

0-0453 

87 

0-8307 

38 

0-9550 

88 

0-8405 

38 

0-0433 

88 

0-828-2 

30 

0-0535 

89 

0-8373 

39 

0-0413 

89 

0-8251) 

40 

0-0519 

00 

0-8339 

40 

0-9394 

90 

0 8229 

41 

0-0503 

91 

0-8306 

41 

0-9374 

91 

0-8203 

42 

0-9487 

92 

0-8272 

42 

0-9363 

92 

0-817*5 

43 

0-9470 

93 

0-8237 

43 

0-9332 

93 

0-8149 

44 

0-9452 

94 

0-8201 

44 

0-9311 

94 

0-8122 

45 

0-9436 

95 

0-8164 

45 

0-9291 

95 

0-809-4 

46 

0-9417 

96 

0-8126 

46 

0-9209 

90 

0-8005 

47 

0-9399 

97 

0-8084 

47 

0-9249 

97 

0-.S036 

48 

0-9381 

98 

0-8047 

48 

0-9227 

98 

0-8006 

49 

0-9362 

99 

0-7995 

49 

0-9204 

99 

0-7976 

60 

0-9343 

100 

0-7946 

50 

0-9183 

100 

0-7946 



PROOF-SPIRIT FROM SPECIFIC GRAVITY. 


511 


0S6.] 


ALCOHOL TABLE II, 

986. Percentage of Absolute Alcohol by Weight, and of 
Proof-spirit by Volume, in Dilute Alcohol of known 
Specific Gravity. Water = UKK). 





612 


SULniURIC ACID PERCENTAGE. 


[ 987 , 


SULPHURIC ACID. 

987. Percentage bv Weight ok H.SO, present in Aqdeops 
Solution of known Specific Gravity at 15-6° C. 

(Lunge and Isler.) 


Specific 

Gravity. 

Percentage 
of H 2 SO 4 . 

Specific 

Gravity. 

PcrceuUgo 
of II 2 SO 4 . 

Specific 

Gravity. 

Perccntn^^e 

of IJi-SOi, 

1-005 

0-83 

1-190 

26-04 

1-375 

47-47 1 

1010 

1-57 

! 1-195 

2GG8 

1-380 

48-00 

1-015 

2-30 

1-200 

27-32 

1-385 

48-53 

1-020 

3-03 

1 1 - 20.3 

27-95 

1-390 

4!)-0() 

1-025 

3-76 

1-210 

28-58 

1-395 

49-59 

1-030 

4-49 

1-215 

29-21 

1-400 

50-11 

1035 

5-23 

1-220 

29-84 

1-405 

60-63 

1-040 

5-96 

1-225 

30-48 

1-410 

61-15 

1-045 

6-67 

1-230 

31-11 

1-415 

61-66 

1-050 

7-37 

1-235 

31-70 

1-420 

52-15 

1055 

8-07 

1-240 

32-28 

1-425 

62-63 

I -000 

8-77 

1-246 

32-86 

1-430 

.53-11 

1-065 

9-47 

1-250 

33-43 

1-435 

53-59 

1-070 

10-19 

1-255 

34-00 

1-440 

64-07 

1-075 

10-90 

1-260 

34-57 

1-445 

54 -.75 

1080 

11 -GO 

1-266 

35-14 

1 -4.50 

55-03 

( 1-085 

12-30 

1-270 

35-71 

1-455 

55-.50 

1-090 

12-99 

1-276 

36-29 

1-460 

55-97 

1-095 

13-67 

1-280 

36-87 

1-465 

66-43 

1-100 

14-,35 

1-286 

37-46 

1-470 

56-90 

1-105 

16-03 

1-290 

38-03 

1-475 

57-.37 

1-110 

15-71 

1-295 

38-61 

1-480 

57-83 

1-116 

16-.36 

1-300 

39-19 

1-485 

58-28 

1-120 

17-01 

1-306 

39-77 

1-490 

58-74 

1-125 

17-60 

1-310 

40-36 

1-496 

59-22 

1-130 

18-31 

1-316 

40-93 

1-500 

59-70 

1-1.35 

18-90 

1-320 

41-60 

! 1-606 

00-18 

1-140 

19-61 

1-325 

42-08 

1-610 

60-6.> 

1-145 

20-26 

1-330 

42-66* 

1-615 

61-12 

1-150 

20-91 

1-336 

43-20 

1-620 

61-59 

1-166 

21-65 

1-340 

43-74 

1-625 

62-06 

1-160 

22-19 

1-346 

44-28 

1-630 

62-53 

1-166 

22-83 

1-360 

44-82 

1-635 

63-00 

1-170 

23-47 

1-365 

45-35 

1-640 

63-43 

1-175 

24-12 

1-360 

46-88 

1-646 

63-86 

1-180 

24-76 

1-366 

40-41 

1-660 

64-20 

1-186 

26-40 

1-370 j 

46-94 

1-666 

64 67 



FROM SPECIFIC GRAVITY OF SOLUTION. 
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SULPHURIC ACID (continued). 


Specific 

Gravity, 

rercentnfffi 
of H 2 S 04 . 

IT>60 

66-08 

1-5G6 

66-49 

1-670 

66-90 

1-676 

66-30 

1-680 

66-71 

1-685 

67*13 

1-590 

67-69 

1-595 

68-06 

1-600 

68-51 

1-605 

68-97 

1-610 

69-43 

1-616 

69-89 

1*620 

70-32 

1-625 

70-74 

1 -HSO 

71-16 

1 '635 

71-57 

1-640 

71-99 

1*646 

72*40 

1-650 

72*87 

1-656 

73*23 

1-060 

73*64 

1*665 

74*07 

1-670 

74-51 

1-675 

74-97 

1-080 

75-42 

1-685 

76-86 

1-690 

76-30 

1-695 

76*73 


Specific 

Gravity. 

I’erccDtufic 
of iroS() 4 . 

1-700 

77-17 

1-706 

77-60 

1-710 

78-04 

1-716 

78-48 

1-720 

78-92 

1-725 

79-36 

1-730 

79-80 

1-736 

80-24 

1*740 

80-68 

1*746 

81-12 

1-760 

81-56 

1-766 

82-00 

1*760 

82-44 

1-766 

82-88 

1-770 

83-32 

1-775 j 

83-90 

1-780 

84-60 

' 1-785 

86-10 

1*790 

86-70 

1*795 

86-30 

1*800 

86-90 

1-805 

83*60 

1-810 

88-30 

1-816 

89*06 

1-820 

90-05 

1-821 

90-20 

1-822 

90-40 


Specific 

Gravity. 

Percontai’e 
of HbS 04 . 

1-823 

90-00 

1-824 

90-80 

1-825 

91-00 

1-826 

91-25 

1-827 

91-50 

1-828 

91-70 

1-829 

91-90 

1-830 

92-10 

1-831 

92-30 

1-832 

92-52 

1-833 

92-75 

1 -834 

9:i-05 

1-835 

93-43 

1-836 

93-80 

1-837 

94-20 

I -838 

94-60 

1 -839 

95-00 

1-840 

95-60 

1-8405 

95-96 

1-8410 

97-00 

1-8416 

97-70 

1-8410 

98-20 

1-8405 

98-70 

1-8400 

99-20 

1-8396 

99-46 

1-8390 

99-70 

1-8386 

99-96 
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nYDROCHLORIC ACID BY DENSITY. 


HYDROCHLORIC ACID. 

988. Prrcentaoe by Weight of HCl puksent in Aquijoms 
Solution of known Specific Gravity at 15-5° C., compaiu:!) 
WITH Water at 4° C. and reduced to Vacuum as Unity. 

(Lunge and Marchlewski.) 


6p(iclfle 

Gravity. 

J’ercentago of 
Hydrochloric Acid. 

Specific 

Gravity. 

Percentage of 
Hydrochloric Acid. 

1-000 

0*16 

1-106 

20-97 

1*006 

1-16 

1-110 

21-92 

lOlO 

2-14 

1-116 

22-86 

1016 

3-12 

1-120 

23-82 

1-020 

4-13 

1-126 

24-78 

1-026 

6 16 

1-130 

25-75 

1030 

6*16 

1-136 

26-70 

1-036 

7-16 

1-140 

27-66 

1-040 

8-16 

1*146 

28-61 

1-046 

9-16 

1*150 

29-57 

1060 

10-17 

1-166 

30-55 

1-055 

11*18 

1*160 

31-52 

1 1-060 

12-19 

1*166 

32-49 

1-066 

13-19 

1-170 

.33-46 

1-070 

14-17 

1-176 

34-42 

1-076 

15-16 

1*180 

36-39 1 

1 

1-080 

16-16 

1-185 

36-31 ; 

1-086 

17-13 

1-190 

37-23 

1-090 

18-11 

1-106 

38-16 

1-096 

19-06 

1-200 

39-11 

1-100 

20-01 


— - 



989.] 


NITRIC ACID BY DENSITY. 


515 


NITRIC ACID. 

989. Pkrcentaoe by Weight of HNOa prrsp^nt in Aqi^eous 
Solution of known Specific Giuvity at 15-5'' C., compared 
WITH Water at 4° C. and reduced to Vacuum as Unity. 

(Lunge and Rcy.) 


Specific 

Gravity. 

Pcrccntagi! 
of HNO 3 . 

DOOO 

0-10 

1-005 

1-00 

1-010 

1-90 

1-015 

2-80 

1-020 

3-70 

1 -025 

4-60 

l-O.'U) 

5-50 

1-0:15 

6-38 

1 040 

7-26 

1 045 

8-13 

1 -050 

8-90 

1-055 

0-84 

1-060 

10-68 

1-065 

11-61 

1-070 

12-33 

1-075 

13-16 

1080 

13-96 

1-085 

14-74 

1090 

16-33 

1-095 

16-32 

1-100 

17-11 

1-105 

17-89 

i-iio 

18-67 

11 15 

19-46 

1-120 

20-23 

1-125 

21-00 

1-130 

21-77 

1-135 

22-64 

1-140 

23-31 

1-145 

24-08 

1-160 

24-84 

1-166 

26-60 

1-160 

26-36 

1-165 

27-12 

1-170 

27-88 


Specific 

Gravity. 

Pcrcetitag 
of UNO , 

1-175 

28-63 

1-180 

20-38 

1-185 

30-13 

1-190 

.30-88 

r-195 

31-62 

1-200 

32-.36 

1-205 

33-09 

1 210 

;{3-82 

1-215 

34-55 

1-220 

35-28 

1-225 

36-03 

1-2.30 

36-78 

1-235 

37-53 

1-240 

38-29 

1-245 

39-05 

1-250 

39-82 

1-255 

40-58 

1-260 

41-34 

1-265 

42-10 

1-270 

42-87 

1-276 

43-64 

1-280 

44-41 

1-285 

45-18 

1-290 

45-95 

1-295 

46-72 

1-300 

47-49 

1-305 

48-26 

1-310 

49-07 

1-315 

49-89 

1-320 

50-71 

1-326 

51-53 

1-330 

62-37 

1-335 

.53-22 

1-340 

54-07 

1-345 

.54-93 


I 


Specific 

Gravity. 

Percenfa^^o 
of HNOs- 

1-350 

65-79 

1 -.355 

56-66 

1-360 

57-57 

1-365 

58-48 

1 -370 

.5!) -.39 

1-375 

fiO-30 

1 -380 

61-27 

1 -385 

62 -24 

1 -390 

63-23 

I -395 

64-25 

1 -loo 

65-30 

I -405 

6(’>-40 

1-410 

67-50 

1-415 

08-63 

1-420 

69-80 

1-425 

70-98 

1-430 

' 72-17 

1-4,35 

73-39 

1-440 

74-68 

1-445 

75 -98 

1-4.50 

77-28 

1-455 

78-60 

1 -460 

79-98 

1 -465 

81-42 

1 -470 

82-90 

1-475 

84-45 

1-480 

86-05 

1-485 

87-70 

1-490 

89-60 

1-495 

91-60 

1-500 

94-09 

1-505 

96-39 

1-510 

98-10 

1-515 

9907 

1-520 

99-67 
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POTASSIUM HYDRATE BY DENSITY. 


[m, 


POTASSIUM HYDRATE. 

990. Percentage by Weight of KOH in Aqueous Solutio> 
OF KNOWN Specific Gravity at 15*5° C. 

(Lunge.) 


Specific 

Gnivity. 

Percentage 
of KOH. 

Specific 

Gravity. 

I’erccntnge 
of KOH. 

Specific 

Gravity. 

Porcentagfp 
of KOII, 

1007 

0*9 

1*162 

18*6 

1*370 

3f;!) 

1*014 

1*7 

1*171 

19*6 

1*383 

37*8 

1022 

2*0 

1*180 

20*6 

1*397 

38*9 

1029 

3*6 

1*190 

21*4 

1*410 

399 

1037 

46 

1*20(1 

22*4 

1*424 

40'9 

1046 

6'6 

V2\(f 

23*3 

1*438 

42 ) 

1062 

6*4 

1*220 

24*2 

1 *463 

43*4 

1060 

7*4 

1*231 

26*1 

1*468 

44*G 

1*067 

8*2 

1*241 

26*1 

1*483 

46*8 

1*076 

9*2 

1*262 

•27*0 

1*498 

47*1 1 

1*083 

10*1 

1*263 

28*0 

1*614 

48*3 

1 

1*091 

10*9 

1*274 

28*0 

1*630 

1 

49*4 ! 

1*100 

12*0 

1*286 

29*8 

1*646 

60 6 

1*108 

12*9 

1*297 

30*7 

1*663 

61 *9 

1*116 

13*8 

1*308 

41*8 

1*680 

63-2 : 

1*126 

14*8 

1*320 

32*7 

1*697 

64*6 

1*134 

16*7 

1*332 

33*7 

1*616 

65-9 

1*142 

16*6 

1*346 

34*9 

1*634 

67*6 

1*162 

17*6 

1 

1*367 

36*9 
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SODA AND AMMONIA BY DENSITY. 
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SODIUM HYDRATE. 

991. Percentage by Weight of NaOH in Aqueous Solution 
OF known Specific Gravity at 15-5° C. 

(Lungn.) 


Spoeiflc 

(iriivity. 

Percentage 
of NaOH. 

Specific 

Grarity. 

Percentage 
of N’aOir, 

Specific 

Gravity. 

Percentage 
of NaOll. 

1007 

0-61 

1-142 

12-64 

1-320 

28-83 

1014 

1-20 

1-152 

13.55 

1-332 

29-93 

1-023 

2-00 

1-162 

14-.37 

1-345 

31-22 

1-029 

2-71 

1-171 

15-13 

1-357 

32-47 

1-036 

3-35 

1-180 

15-91 

1-370 

33-69 

1-045 

4-00 

1-190 

16-77 

1-383 

.34-96 

1-052 

4-64 

1-200 

17-67 

1-397 

36-25 

1-060 

5-29 

1-210 

18.58 

1-410 

37-47 

1-067 

5-87 

1-220 

19-.58 

1-424 

38-80 

1-075 

6-55 

1-231 

20-50 

1-438 

39-99 

1-083 

731 

1-241 

21-42 

1-453 

41-41 

1-091 

8-00 

1-252 

22-64 

1-468 

42-83 

MOO 

8-68 

1-263 

23-37 

1-483 

44-38 ' 

1-108 

9-42 

1-274 

24-81 

1-498 

40-16 

MIC 

10-06 

1-285 

25-80 

1-514 

47-60 

M25 

10-97 

1-297 

’26-83 

1*630 

49-02 

M34 

11-84 

1-308 

27-80 




AMMONIA. 

992. Percentage by Weight of NH, in Aqueous Solution 
OF KNOWN Specific Gravity at 15-5° 0. 

(Liuiga aud Wiernik.) 


Sliecitic 

Percentage 

Spec i tic 

Percentage 

Specific 1 

Percentage 

Gravity. 

of NII5. 

Gravity, 

ofNII^. 

Gravity. 

Ol’ Mig. 

1-000 

0-00 

0-900 

9-91 

0*920 

21*75 

0-998 

0-45 

0-958 

10-47 

0-918 

22-39 

0-996 

0-91 

0-956 

11-03 

0-916 

23-03 

0-994 

1*37 

0*954 

11 60 

0-914 

23-68 

0-992 

1-84 

0-952 

12-17 

0-012 

24-3.3 

0-990 

2*31 

0-950 

12-74 

0-910 

24-99 

0-988 

2-80 

0-048 

13-31 

0-908 

2.5 -60 

0-986 

3-30 

0-946 

13-88 

0-906 

2ii-31 

0-984 

3-80 

0-944 

14-46 

0-904 

2()-98 

0-982 

4-30 

0-942 

15-04 

0-902 

27-05 

0-980 

4-80 

0-940 

15-63 ^ 

0-900 

28-33 

0-978 

6-30 

0-938 

16-22 

0-898 

29-01 

0-976 

5-80 

0-936 

16-82 

0-896 

29-69 

0-974 

6-30 

0*934 

17-42 

0 894 

30 37 

0-972 

6-80 

0*932 

18-03 

0-892 

31-05 

0-970 

7*31 

0*930 

18-64 

0-890 

31-76 

0-968 

7*82 

0*928 

19-26 

0-888 

32*50 

0-986 

8*33 

0*926 

19-87 

0*886 

33*26 

0-964 

8*84 

0*924 

20*49 

0*884 

34*10 

0-962 

9-35 

0*922 

21*12 

0*882 

34*95 1 
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993* CH ARACTERISTICS OF OILS, 


OiiiS AND Fats. 


Name. 

Sped lie fjravity. 

ng-polnt. 

Insoluble fatty a«ids 
+ unsaponifiabie 
(Hebner value). 

g| . 

^ ^ O' 

1 § 

cation value, 
orfer value.) 

5 

]\ran»ly in order of 
Iodine vulueH. 



5 

S '3 Is 

W 0 




C“. 


C". 

Fer 

ceiif. 

C.c. of 
,^KO„. 

Milli- 
);ranis of 
KOII, 

Vvr : 
Cent, 

IRYINO O 1 I. 3 . 

J. in seed . 

15 

0-9315- 

09345 

-20 

95-5 

“ 

192-195 

171-201 


lleinp-sccd 

15 

0-92:)5- 

0-92cS0 


— 

— 

192-5 

148 

1 

Walruit, or nut-uil . 

15 

0 ti2.50- 

0!i2(l() 

— 

95-4 

— 

195 

145 

l*o|)[)y-sefd 

15 

0 9240^ 

0 9270 

— 

95-2 

00{K.M.) 

195 

133 141 

i;mi- D iiViNd Dii.s. 







1U8-110 

( Vjl t(Jll-<CI.'cl 

15 

0-9220- 

0 9250 

3 4 

95- -90 

-- 

193-195 


Sesame . 

15 

0 '.1230 

0 !»237 


95-7 

1-2 (H.M.) 

189-193 

ll)3-liWj 

lla|)(‘ (I’ld/.a) . 

15-5 

0 9132 

0 91 OS 

— 

95 1 

03 

170-179 

!)l I02 

11)2 li'l 

Crolon 

‘ 15 

0 9500 

— 

89 0 

12-130 

(ll.M.) 

210 215 


Ca-aur 

15-5 

0 9<;00- 

0 9079 

— 

— 

1'4 

183 180 

S3 86 

[on-Dhyino 0iij 3. 
Almond . 

j 

15 

0 9175- 


90-2 



191 

93-0' 

Araclus . 

15 

0-9195 

0'9I70 

0 

95-8 



190-190 

S3d00| 

Olive 

15 

0-9209 

0 910 

- 

95 

0-3 

185-190 

79-88 ' 

Iarine Animal Oils. 
('oddiver 

15 ' 

0-9210- 


95-3 


171-189 

167 

Seal 

15 

0-9270 

0-9155- 

0-9203 

- 

95-45 

007-022 

189-190 

127-141 

Whale . 

15-5 

0-92.50 

— 

93-5 

0-7-204 

188 0 



PATS AND WAXES (LEWKOWITSCH). 


r 

Oils and Fats. 




Mixed Fatty Acids. 


Maumene Thermal 
Test. 

Acetyl valae. 

§ 

§ 

◄ 

Uusapouifiable 

matter. 

Specific gravity. 

Melting'-point. 

■ 

Neatralisatlon 
number, or 

Mean molecular 
weig^ht. 

fodlne value. 



Mill!- 
yrams of 
KOII. 

Per 

On I . 



G*. 

Milli- 

gniiJiHid" 

KOII. 

.Mi.ved 

Acids. 

Idquld 

A(dds. 

110-12 

3-98 

oo 

1 

op 

o 

0-42-1*1 

16-6 

0-9233 

17-21 

197 

179- 

209-8 

190 201 

97 

— 

— 

1*08 

— 

— 

18-19 

- 

141 

- 

103 

- 

- 

- 

- 

- 

16-18 

- 

160 

167 

88 

- 

0*7-110 

0*43 

100 

0-8886 

20-5 

199 

139 

150 

7r)-90 

7*6-18 

0*0 

0*73-1-04 

15-6 

0*920-6 

0-9219 

36-38 

202 208 

111-115 

147-151 

05 f) 

— 

0*23-00 

0-96-1-32 

- 

- 

26-32 

200-4 

110 45 

129-136 

55 04 

14*7 

1*4-13-2 

0*58 1-0 

100 

0-8758 

16-19 

185-0 

99-103 

121-125 

- 

19-32 

- 

0*55 

„ 

— 

— 

201 

111*6 

— 

40-47 

- 

0*14 

- 

15 6 

0-9509 

13 

192*1 

87-93 

106*9 

52'5 

- 

1*6 

_ 





13-14 

204 

93-96*6 

101*7 

45-61 


1-2-32 

0-64-0*94 

100 

0-8790 

27-7-32 

201-6 

96-103 

106-128 

41-5-45 

10-64 

1 9-60 

0*46-1*0 

100 

0-8749 

24-27 

193 

86-90 

95*6- 

103*5 

102 113 

4-8 

1-26 

0-64-7*83 

- 

- 

21 26 

204-207 

130 5- 
170 

- 

92 

16-5 

1*9-40 

0*38-1*4 

- 

- 

22 33 

193 2 

- 




0*6-37 

0*92-3*72 

100 

0*8922 

1 

27-0 1 

- 

131*2 

144*7 
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OlLI AND FATB. 



1 




sns 

-S ""a 


-r — — 1 

Name. 

Mainly in order of 

Specific gravity. 

g 

o 

Pi 

to 

a 

s 

£•1^ 
© s 

^ g p 
a a 

.2 j. © 

1 I 
III 

1 . 1 

1 s 

a 

5 ’ 

Iodine valnos. 





_u M u 







a 

M o 

w 






Per 

cent. 

C.c. of 

Mini- 

1 I’er 

I'l'iil, 


C*. 


C“. 

N 

r,Kou. 

grams 
of KOIl 

Tbrrbstrial Animal 







j 

Oils. 

Sheep’s foot 

15 

0-9175 




194-7 

74 '2 ’ 

Horse’s foot . 

15 

0-913- 

0-927 

— 

— 

— 

196-9 

m-% 

Neat’s foot 

15 

0-914- 

. — 

96*2 

1-0 

194-3 

69 '3- 

Other Oils. 


0-916 





704 

Rosin oil (distilled 








from crude rosin) 






10-36 

40-80: 

Mineral oil (burning 

16 

0-966- 

0-990 

- 

- 

- 



and lubricating oiJ 
from petroleum) . 





0 

0-16 ; 


Vkoetablb Fats, 







i 

! 

Cotton -seed stearine . 

Palm oil . 

16 

0-9188- 

0-9230 

29-32 

96*9 

-- . 

195 

90-103| 

15 

0-921 

27-42-5 

94-97 

0-5 

196-202 

6r6 

Cacao butter (cocoa 






j 

butter) 

16 

0-9500- 

28-33 

94-69 

0-2-0-8 

193-65 

32-411 

Palm-nut oil . 

16 

0-976 

0-9620 

23-28 

87-6- 

(R.M.) 

6-6(R.M.) 

242-260 

13-14 

Goooa-nut oil . 




91-1 




40 

0-9116 

21-24 

88-6-90 

7-8-4 

246-260 

8-9'6 






(R.M.) 



Japan wax 

16 

0-9700- 

50-64 

90-6 



217- 

4-9-8'5 



0-9800 




237-6 


Animal Fats. 








Lard . , 

16 

j 0-934- 
0-938 

36-40-5 

93-96 

- 

196-4 

60-70 

Bone 

15 

0-914- 

21-22 



199 

664 



•916 






Beef tallow 

16 

0-943- 

46-60 

96*6 

0-26 

190-9- ^ 

ll-47'5i 



* 0-962 




200 

1 

Mutton tallow 

16 

0-937- 

44-46 

96-6 

— 

193-2- 

38-4«| 

Butter . 


0-963 




200 

20-38 

16 

0-926- 

28-33 

86-6- 

12-6-162 

227 



0-940 


89-8 



1 
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[PATS AND WAXES ( continued). 


Oils and Fats. 

Mixkd Fattv Acids 

"5 


1 

1 





a 

~ — 


a 


Oi 








a 

■3 

! 0 

1 u- 







^ J 


> 

0 * 



a 

S 



gl 

s 

0 

09 

a 

! 

S 

-3 

A rt 

g a 

a 

D 

Specific giavlty 

Melting 

Xcntrali 
number, 0 
molecular 

Iodine Ttlue. 

c *. 


Mini- 
grams of 

For 

C". 


0*. 

Mini- 

Mixeil 

Liquid 



KOH. 




KOH, 

Acids. 

Acids. 

49-6 










38 

13 

— 

— 

— 

- 

- 

— 





47 - 48-6 

22-0 

__ 

-- 

100 

0 - 8713 - 

29 - 8 - 

202 - 9 - 

61 - 9 - 







0 - 874 !> 

30-8 

206-3 

63-3 


7*2 

- 

- 

- 

- 

- 

- 

- 


- 

0-38 

- 

- 

- 

- 


- 


— 

■ — 

- 

- 

- 

— 

— 

— 

27-30 


94 


***“ 

18 

24 200 

- 

100 

0-8701 

47-60 

206-0 

53-3 

94 - 1 ) 


2-8 

1 - 1 - 1-88 

- 

- 

- 

48-60 

190 

33-39 

__ 

' 

1 - 9 - 8-4 

8-30 

- 

- 

- 

26 - 28-5 

268-204 

12-0 

— 


0 - 9 - 
12-3 1 

6-50 

- 

98-99 

0-8364 

26-27 ; 

258-260 

8 - 4 - 9-3 

54 


27 - 31-2 

7-33 

11-103 

98-^99 

0-8480 

60-02 

213-7 

- 

_ 

24 - 27-6 

2-6 

0 - 64 - 

1- 28 

0-23 

99 

0-8446 

43-44 

201-8 

64 

92-1 


4-2 

1-0 


16 

0 9300 

44 40 

204-5 

66-6 

_ 


11-3 

29 -G 

0 - 6 - 1 -8 





30 , 

200 

66 - 7 - 



2 - 7 - 8 - g : 

1 - 6-600 

— 

100 

0-8098 

43-44 

197-2 

57-4 

41-3 

92-4 


1 ’ 9 - 8-6 

0 - 46 - 

- 

37-76 

0-9075 

38-40 

210-220 

28-31 




36-38 








— 

__ 



L 
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993. CHAKACTEBISTICS OP OILS, 


Waxes. 


Name. 

Mainly in order of 
fodiuo values. 

Spcciflc gravity. 

d 

a 

be 

ft 

2 

s 

Acid value. 

SaponiQcatiou value. 
(Koettstorfer value.) 

§ S 

111 
s o 3 

rCj CJ *^5 
■SM ^ 

M o 

^ 1 

C 

V 


C". 


(J". 

Milli- 
grams of 
KOH. 

Milli- 
grams of 
KOH. 

C.c. of 

N 

To 

Per 

ClDt. ' 

Liguii) Wax EM. 








Sperm oil 

15 

0*8799 

0*8885 

— 

— 

125*2- 

132*6 

1*3 


Arctic sperm oil 

Solid Waxes. 

15 

0*8704 



123- 

135*9 

1*4 

G" S2ii 

Carnauba wax 

15 

0*990- 

0*999 

85 80 

4-7 

79-95 

— 

13*5 

Wool wax, wool grease 

17 

0*9413- 

0*9449 

31-35 

— 

102*4 

— 

17'1' 

28'[) i 

fieeswax 

16 

0*904- 

0*970 

61*5 

19-21 

90-98 

0*34 0*54 ’ 

7'9ir 

1 

Spermaceti (Ceiin) . 

16 

0*905- 

0*900 

42-49 

— 

123-136 

— 

__ 1 

Insect wax 

1 

16 

0*920 

0 970 

80*5 83 

1 


80*6 93 


. J 
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Waxes. 

Mixed Fatty Acids, j 

Alcoiioi.s + 
Un.saponikiaiu.e. 


Acetyl value. 

u 

3 

Specific 

‘^ravily. 

g 

o 

p. 

tc 

n 

a S 

1 o 1 ^ 

- a a b 
a a p 

. 

a 

a 


a 

o 

a, 

a 

Iodine value. 



1 Vi- 
et 111, 



C*. 


I’cr 

ceut. 

f’er 

ci-nl. 


ivi- 

(■(•III, 

11 

4 0 0 '4 

fl0-()4 

15-5 

0 801) 

13-3 

281 204 

8;V2-85-(i 

37 41 

25-5 25-7 

05 

47 

M-C)-4 

01-05 

- 

- 

10-3- 10-8 

- 

S2-7 

3 1-7 -4 2-0 

23-5 -20-5 

05 

- 

5o'24 

“ 

- 

- 

“ 

- 

- 

55 

- 

- 

- 

2:v:5 

50-8 

“ 

- 

418 

327-5 

17 

43-1 -51 -8 

33-5 

20-4 - 30 


15 24 

- 

~ 

- 

- 

- 


52 55 

- 

- 

- 

203 


- 

- 

- 

- 


51-5 

- 

- 


- 

- 

- 

- 

-- 

- 

- 

- 

- 

- 
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TWADDKLL AND THERMOMETER SCALES. 




RELATION OF DEGREES TWADDELL TO SPECIFIC 
GRAVITY. 

994 . The relation of degrees Twaddell to the speoifio gravity of a liquid ia 
most readily stated by a 8 .su ming th© specific gravity of water to be 1000 instead 
of unity. On this assumption — 

T^ m . 1 ^ II Specific gravity - 1000 
Dcgreo.s Twaddell y — 

Specific gravity — (Degrees Twaddell x 5) -f IfifiO- 


THERMOMETRIO SCALES. 


995 . There are two different thermometrio scales in use in this country, the 
Centigrade and Fahrenheit ; the former of these is now always used for sciontifio 
purposes. The two scales are mutually convertible by the following formnln', 
in which F'’ represents a temperature on the Fahrenheit scale, and 0® a tempera- 
ture on the Centigrade scale : 


F®- 

C®- 


9 C® 


+ 32 


6 

5(F ® - 32) 
“9 


The temperatures referred to in this treatise are given on the Centigrade scale. 


WEIGHTS AND MEASURES. 

996 . The corresponding values of the Metric and English weights and 
are given below. The use of the Metric or decimal system is strongly recoic- 
mended on account of its extreme simplicity. The smaller denominations af® 
a tenth, hundredth, thousandth, &o., of the unit chosen ; they are designated by 
the Latin prefixe.s deci-, cent!-, milli-, &o. The higher denominations are 10 times, 
100 times, 1000, &o., times the unit, and are named by the Greek prefixes deca-, 
hecto-, kilo-, &o. Examples of the use of these prefixes will be found in the Tables 
which follow. 

The “ unit of length ” in the Metric system is the “ metre,” which is 
to 39'37 inches. The “ unit of volume ” is the ” litre,” or cubic decimetre. 1^® 
” unit of weight ” is the gram, which is the weight of one cubic centiiuetre 0 
distilled water at 4 ® C. 

The chief conveniences arising from the use of this system are i 

(1) That all the different denominations can be written as one; since they 
are either multiples by ten, or are decimal fractions, of the unit. Thus 6 decs* 
grams, 3 grams, 4 decigrams, 8 milligrams would be written 63 '408 grama 
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(2) That since one cubic centimetre of water at 4° C, weighs a gram, the 
might of water in grams may be obtained from its measure, by simply converting 
the volume into cubic centimetres. The number thus obtained will represent 
at once the corresponding weight of water in grams. This weight is only strictly 
accurate when the water is measured at 4*" C. But for ordinary purposes the error 
introduced, when the water is at the temperature of the air, is too small to be of 
any importance in the preparation of solutions. The correction for water at 
temperatures different from 4“ C. may be obtained from paragraph 982. 

The Weights and Measures which are most frequently used for chemical pur- 
poses are the grami the millimetre (ram.), the litre, and the cubic centimetre (c.c. ) 
which is one-thousandth of a litre. 


997. ENGLISH WEIGHTS AND MEASURES. 


Apothboiribs Wbioht. 

lb. 01 . drma. scruples. grains. 
1 - II ■ 06 = 288 = 6700 

1 ■ 8 a 24 => 480 

I - 8 - 60 

1 » 80 


Avoirdupois Wkioht. 

lb. 02 . duns. «r;iiiis. 

1 • 16 o 256 = 7000 

I . 16 - 4>7 6 

1 - 27 843 


IMPIRIIL Mf AStmi. 


1 

1 


galkw. 


pintt. 

I 


S Allon 

■Idoano* B^plnt 
1 sallon 
1 fluid onnes 


fluid oz. fluid drma 
' 160 « 1280 

I 20 » 160 

1 =3 S 

70,000 grain s of water at 16*'7 CL 
^ 

277*280 cubic inches. 

1*788 


998. METRIC WEIGHTS AND MEASURER 


MBA8URE8 Of LBNOTH. BN0LI8H, 


j^Hmstre ■ 
^ntimetre . 
pcclmetre ■ 
Metre « 
pecainetre « 
Hectometre - 
Hllonietre a 
Myrlometre- 


metre. 

0*001 


iDobee. 

0-03087 


mile, furlong, yards, feet. 

Inches. 
0 08987 

001 


0-89371 






0-89871 

0*1 


8*93708 






8*9371 

1*0 


80*87070 





8 

8*871 

10*0 


! 803*70790 




10 

2 

0*7 

100-0 


8987*07900 




109 

1 

1 

1000-0 


89370*79000 

ta 


4 

218 

4 

10-8 

10000-0 


808707-90000 


i 

1 

168 

0 

6 


4 Inch «0*0264 metre=2*6399 centimetres. 

1 foot « 0*3048 „ 

1 8q. inch«6'4614 sq. centimetres. 
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DATA FOR WEIGHTS AND MEASURES. 


MEASURES OF CAPACITr. 
1 litre =1 cubic decimetre. 




litre. 

cubic iiichcB. 


pints. 

/Millilitre, or 1 

1 Cubic centimetre (c.c.) j 

1 = 

0-001 

= 0 06103 


0 001/6 

Centilitre 

ES 

0-01 

= 0-61027 

— 

0017(11 

Decilitre 

C 

01 

= 6 1027 

- 

O-JTCdS 

Litre 


1-0 

= 610-27 


1-76077 

Decalitre 


10 0 

= 610-27 

83 

17-607 7:1 

Hectolitre 


100-0 

= 610-2-7 

£3 

170-07731 

Kilolitre 


1000-0 

= 610-27 0 

K 

1760-77;in 

Myi-loUUe 


10000-0 

= (ilO‘270 0 


17C07-734H 


1 cubic inch = O blWJ litre. 
1 cubic foot = 28-31531 litrei. 
1 gallon M 4-54336 „ 


MEASURES OP WEIGHT. 


1 gram cttie weight of l cubic oentlmetre (c.o.) of water at 4* C. 


Milli^^rnm 

Centigram 

Decigram 

Gram 

Decagram 

Hectogram 

Kilogiatii 

Myriogram 


grams. 

grains. 

= 0-001 

» 0-01543 

= 0-01 

" 0-164.32 

= 0-1 

=» 1-64323 

= 1-0 

= 15-43236 

= 10 0 

= 154-32349 

= 1000 

« 1543 23488 

= I'HIO-O 

» 15432 -348X0 

= liMjOO-0 

» 154323 48!- 00 


1 grain = 0-0C49 gram. 

loz(Ti-oy) = 81 1036 grama. 

1 lb. (Avoirdupois) » 453 698 ,, 


Avoirdupois. 


lbs. oz. drms, 
= 0 0 5-65 

a 0 3 8 5 

= 235 

» 22 1 2 


999. DATA FOR CONVERSION OP WEIGHTS AND 
MEASURES. 

Cubic feet x 6-2365 — gallons. 

Cubic inches x 0-003607 — gallonsi 
Ounces x 28-349— grams. 

Grains x 0-0648 — grams. 

Grams x 16-432 =» grains. 

Pints X 667-936 — cubic centimetres. 

Gallons x 4-648 — litres. 

Litres X 0-22 - gallons. 

Centimetres x 0-3937 - inches. 

Inches x 2-64 — centimetres. 

Grains per gallon 

jpj — Darts per 100,000. 

Parts per 100,000 x 0'7 — grains per gallon. 

Nolc.—ln paragraph 116 there wUl he found tlio tabulated equivalents 
capacity in liquid ounces and in c.o., and for lengths in inches and in cm. 
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1000. USEFUL MEMORANDA. 

Weight of 1 0 . 0 . of dry hydrogen at 0“ C. and 760 mm. = 0 000080 ') gram. 
Weiglit of 1 0 . 0 . of dry nitrogen at 0® C. and 760 mm. =- OOOl 2.57 gram. 
Weight of 1 0 . 0 . of dry air at 0° C. and 760 mm. = 0 001 2<)3 gram. 

1 gram of hydrogen at 0° C. and 760 inm. measures 11-12 litres. 

1 gram of air at 0° C. and 760 mm. measures 0 -773 litre. 

Specific gravity of hydrogen, air as unit == 0-0695. 

Specific gravity of air, hydrogen as unit = 14*38. 

Weight of 1 0 . 0 . of mercury at 0° C. ■= 1 3*696 grams. 

Coefficient of expansion for gases = ^^5 «= 0*0036fi.5. 

Average percentage of oxygen in air, by volume — 20*96. 
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1001 !, 


1001. Logaritl»jns. 



0 

1 

1 ^ 

3 

4 

5 

6 

7 

8 

9 

Proportional 

1 2 3 4 5 6 

Parts. 

7 8 9 

10 

0000 

0043 

jooso 01 ‘js 

C17( 

j 0212 0263 

0294 

0334 

0374 

4 8 12 17 21 25 

29 33 37 

11 

12 

13 

0414 

0702 

1139 

0453 

0828 

1178 

0492 

0864 

1206 

10531 
; 0899 
1 1239 

0509 

0!)34 

1271 

0607 

0909 

1303 

1014 

1903 

2176 

0645 

1004 

1335 

0082 

io:i8 

1307 

i 0719 
1072 
1399 

0756 

110b 

1430 

4 8 11 
3 7 ir 
3 6 If 

16 19 23 
14 17 21 
13 16 19 

26 30 ,31 i 
24 2S 31 1 
23 20 29 j 

. 14 

15 

16 

1461 

1761 

2041 

1492 

1790 

2068 

1623 

1818 

2096 

1653 

1847 

2122 

1584 

1875 

2148 

! 1044 
,19;!1 

i 2201 

1673 

1959 

2227 

1703 

1987 

2263 

1732 

2014 

2279 

3 6 9 
3 6 8 
3 6 8 

12 16 18 
11 H 17 
11 13 16 

21 21 27 
20 22 

18 21 24 1 

17 

18 
19 

2394 

2553 

2788 

2330 

2577 

2810 

2856 

2601 

2833 

2380 

2026 

2860 

2405 

2048 

2878 

2430 

2672 

2900 

2455 
: 2095 
|2923 

2480 

2718 

2946 

2604 

2742 

2907 

2529 

fjsil 

2 fi 7 
2 6 7 

2 4 7 

10 12 16 
9 12 14 
9 11 13 

17 20 221 
10 19 21 
16 18 20 

20 

21 

22 

23 

8010 

3032 

3064 

3076 

3096 

3118 8139 

3160 

3181 

3201 

2 4 6 

8 11 15 

15 17 19 

8222 

3424 

3.)17 

3243 

3444 

8636 

8263 

3464 

3656 

3284 

3483 

3074 

8:104 

3602 

3692 

3874 

4(»48 

4216 

8324 ' 3346 
3522 3641 
3711 3729 

3366 

3660 

3747 

8385 

3579 

3706 

3404 

:i598 

3784 

2 4 6 

2 4 6 
2 4 6 

8 10 12 
8 10 12 
7 9 11 

14 Iti 1,H 
14 15 17 
13 1,5 17 

12 11 10 

12 14 !;. 

11 13 1,5 

11 13 11 

11 12 14 

ID 12 13 

24 

25 

26 

3802 

3979 

4150 

8820 

3997 

4160 



3802 

4005 

4232 


3838 3856 
40141 4031 
4183 4200 

' 3909 
: 4082 

4249 

ill 

3945 

4116 

4281 

4440 

4694 

4742 

3902 

4133 

4298 

4450 

4609 

4767 

2 4 5 
2 16 
2 8 6 

7 9 11 

7 9 10 
7 8 10 

27 

28 

29 

30 

31 

32 

33 

34 

35 
86 

4314 

4472 

4624 

4330 

4487 

4639 

4346 4362 
4502 4518 
4054 4609 

4378 

4633 

4683 

4;193 ' 4409 
4548 4504 
4698 ! 4713 

4426 

4579 

4728 

2 8 6 
2 3 6 
1 S 4 

6 8 9 
6 8 9 
6 7 0 

4771 

4014 

5051 

5185 

4786 

4928 

6065 

6198 

4800 , 4814 

4829 

4843 

4867 

4871 

4880 

4900 

6038 

5172 

6302 

1 8 4[ 0 7 9 

10 11 13 

4942 ' 4956 
6079 5092 
6211 1 6224 

4900 

6105 

5237 

4983 

5119 

6260 

4997 

5132 

6268 

5011 

5146 

6276 

5024 

6169 

6289 

1 8 4 
1 8 4 
I 8 4 

6 7 8 
6 7 8 

6 6 8 

10 11 12 

9 11 12 

9 10 12 

5316 

5441 

6663 

63281 

6463' 

6576 

6340 6368 
6465 6478 
6587 6599 

6366 

6490 

6611 

6378 

6602 

6623 

5391 

5514 

6635 

5408 

6627 

6647 

6416 

5639 

66^ 

6428 

6651 

6670 

1 3 4 
12 4 

1 2 4 

6 6 8 

6 6 7 

6 6 7 

9 10 11 

0 10 11 

8 10 II 

87 

88 
39 

6682 

6798 

5911 

6694 

6809 

6922 

6705 6717 
6821 6832 
59;i3 6944 

16729 

6843 

|5965 


6762 

5866 

6977 

5708 

6877 

6988 

6775 

6888 

6999 

6786 

5899 

6010 

1 2 8 

1 2 3 

1 2 8 

6 6 7 

6 6 7 

4 6 7 

8 9 10 

8 9 10 

8 0 10 

40 

6021 

6081 

0042 j 6053 

0004 1 6076 

6086 

6096 

6107 

6117 

1 2 8 

4 6 6 

8 9 10 

41 

42 

43 

6128 

6232 

6335 

6138 

6243 

6346 

0149 6100 
0253 0203 
6356 ’ 6365 

0170 

0274 

6376 

0180 

6284 

6386 

8191 

6204 

6396: 

8201 

6304 

6406 

6212 

6314 

6416 

6222 

6326 

6426 

1 2 8 

1 2 8 

1 2 8 

4 6 6 

4 6 6 

4 5 6 

7 8 9 

7 8 9 

7 8 9 

44 

45 

46 

6485 

6532 

6628 

6444 

6642 

6637 

04641 
0661 : 
6040 

0464 

0661 

6656 

6474 

6671 

6666 

0481 

6680 

6676 

6498 

6690 

6684 

6503 

6699 

6693 

6613 

6609 

6702 

6622 

6618 

8712 

1 8 8 

1 8 8 

1 2 8 

4 6 6 

4 6 (i 

4 6 6 

7 8 0 

7 8 0 

7 7 8 

"if 

48 

49 

6721 

6812 

6902 

6730 

6821 

6911 

0739 
0830 j 
0920 

0749 

0839 

6928 

6768 

6848 

0987 

6767 

8857 

6946 

6776 

6868 

6965 

0786 

6876 

6964 

6794 

6884 

6972 

6803 

6893 

6981 

18 3 

1 2 S 

1 2 8 

4 5 6 

4 4 5 

4 4 6 

0 7 8 

6 7 8 

6 7 8 

60 

6990 

6998 

7007 

7010 

7024 

7083 

7042 

7060 

7069 ' 

7067 

1 2 8 

8 4 5 

6 7 8 

IT 

62 

63 

7076 

7100 

7248 

7084 

7168 

7251 

7093 

7177 

7250 

7101 

7185 

7207 

7110 

7103 

7276 

7118 

7202 

7284 

7126 

7210 

7292 

7185 

7218 

7800 

7143 ' 
7228 ' 
7308 ■ 

7152 

7236 

7816 

1 2 8 

1 2 2 

2 2 

8 4 5 

8 4 6 

8 4 6 

6 7 8 

6 7 7 

6 6 7 

TT 

7824 

7832 1 7840 7848 1 

7360 

7864 

7872 

7880 

7388 : 

7896 

2 2 

8 4 6 

0 6 7 
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Logarithms— c<m<inweA- 



0 

1 

2 

3 

4 

5 

6 

7 


9 

Proportional Parts. j 

1 2 S 

4 6 6 

7 8 9 

65 

7404 

7412 

7419 

7427 

7435 

7443 

7461 

7469 

7466 

7474 

12 2 

3 4 6 

6 6 7 

56 

7482 

7490 

7497 

7505 

7513 

7520 

7628 

7636 

7543 

7551 

1 2 2 

3 4 6 

6 6 7 

57 

7659 

7566 

7574 

7582 

7589 

7697 

7604 

7612 

7619 

7627 

1 2 2 

3 4 5 

5 6 7 

68 

7634 

7642 

7649 

7667 

7664 

7672 

7679 

7686 

7694 

7701 

1 1 2 

3 4 4 

5 6 7 

E9 

7709 

7716 

7723 

7781 

7738 

7745 

7762 

7760 

7767 

7774 

1 1 2 

3 4 4 

5 6 7 

CO 

7782 

7789 

7796 

7808 

7810 

7818 

7825 

7832 

7839 

7846 

1 1 2 

3 4 4 

6 6 6 

61 

7853 

7860 

7868 

7875 

7882 

7889 

7896 

7903 

7010 

7917 

1 1 2 

3 4 4 

6 6 6 

62 

7924 

7931 

7938 

7945 

7952 

7969 

7966 

7973 

7980 

7987 

1 1 2 

8 3 4 

6 6 6 

63 

7993 

8000 

8007 

8014 

8021 

8028 

8035 

8041 

8048 

8055 

1 1 2 

3 3 4 

5 f) 6 

64 

8062 

8069 

8075 

8082 

8089 

8096 

8102 

8109 

8116 

8122 

1 1 2 

3 3 4 

6 6 6 

65 

8129 

8136 

8142 

8149 

8166 

8162 

8169 

8176 

8182 

8189 

1 1 2 

3 3 4 

6 6 6 

66 

3195 

8202 

8200 

8215 

8222 

8228 

8236 

8241 

8248 

8264 

1 1 2 

3 3 4 

5 5 6 

67 

8261 

8267 

8274 

8280 

8287 

8293 

8299 

8306 

8312 

8319 

1 1 2 

3 3 4 

5 5 6 

68 

8325 

8331 

8838 

8344 

8351 

8367 

8363 

8370 

8376 

83S2 

1 1 2 

3 3 4 

4 5 0 

69 

8388 

8395 

8401 

8407 

8414 

8420 

8426 

8432 

8439 

8445 

1 1 2 

3 3 4 

4 6 6 

70 

8451 

8457 

8463 

8470 

8470 

8482 

8488 

8494 

8600 

8606 

1 1 2 

2 3 4 

4 5 6 

71 

8513 

8519 

8525 

8531 

8637 

8543 

8540 

8565 

8561 

8567 

1 1 2 

2 3 4 

4 6 6 

72 

8573 

8579 

8585 

8691 

8597 

8603 

8609 

8615 

8621 

8627 

1 1 2 

2 3 4 

4 5 6 

73 

8633 

8639 

8645 

8651 

8067 

8063 

8669 

8675 

8681 

8686 

1 1 2 

2 3 4 

4 5 5 

74 

8692 

8698 

8704 

8710 

8716 

8722 

8727 

8733 

8739 

8746 

1 1 2 

2 3 4 

4 5 5 

75 

8761 

8766 

8762 

8768 

8774 

8779 

8786 

8791 

8797 

8802 

1 1- 2 

2 3 3 

4 5 5 

76 

8808 

8814 

8820 

8825 

8831 

8837 

8842 

8848 

8864 

8859 

1 1 2 

2 3 3 

4 5 6 

77 

886S 

8871 

8876 

8882 

8887 

8893 

8899 

8904 

8910 

8915 

1 1 2 

2 3 8 

4 4 6 

78 

8921 

8927 

8932 

8938 

8943 

8949 

3954 

8960 

8965 

8971 

1 1 2 

2 3 3 

4 4 5 

~79 

8976 

8982 

8987 

8993 

8998 

9004 

9009 

9016 

9020 

9025 

1 1 2 

2 3 3 

4 4 5 

80 

9031 

9030 

9042 

9047 

9063 

9068 

9063 

9069 

9074 

9079 

1 1 2 

2 3 3 

4 4 5 

81 

9086 

9090 

9096 

9101 

9106 

9112 

9117 

9122 

9128 

9133 

1 1 2 

2 8 3 

4 4 5 

82 

9138 

9143 

9149 

9164 

0169 

9106 

9170 

9176 

9180 

9188 

1 1 2 

2 8 3 

4 4 ‘6 

83 

9191 

9196 

9201 

9206 

9212 

9217 

9222 

9227 

9232 

9238 

1 1 2 

2 3 3 

4 4 6 

84 

9243 

9248 

9263 

9268 

9203 

9269 

9274 

9279 

9284 

9289 

1 1 2 
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Is 
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9304 

9309 

9316 

9320 

0325 

9330 

9335 
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86 
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9426 

9430 
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88 
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9460 i 
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9460 

9466 

9469 

9474 

9479 

0484 
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Oil 
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8 4 4 

la 

9494 

9499 

9504 

9509 

9613 

9518 

9623 

9528! 

9633 

9538 

0 1 1 

2 2 8 

8 4 4 

90 

9542 

9647 1 

9652 

9667 

9562 

9666 

9671 

9676 1 

9681 

9686 

0 1 1 

2 2 8 

8 4 4 

91 

9690 

96951 

9600 

9608 

9609 

9614 

9619 

9624 

9828 

9633 

0 1 1 

2 2 8 

8 4 4 

IT, 

9038 

9643 

9647 

9662 

9667 

9661 

9666 

9671 

9676 

9680 

0 1 1 

2 2 8 

8 4 4 

93 

9686 

9689 

9694 

9699 

9703 

0708 

9713 

9717 

9722 

9727 

Oil 

2 2 3 

8 4 4 

94 

9731 

9786 

9741 

9746 

0760 

9764 

9759 

9763 

0768 

9773 

Oil 

2 2 3 

8 4 4 

96 

9777 

9782 

9786 

9791 

9796 

9800 

9805 

9809 

9814 

9818 

0 1 1 

2 2 3 

8 i 4 

96 

9823 

9827 

9832 

9836 

9841 

9846 

9860 

9864 

0869 


0 1 1 

2 2 8 

8 4 4 

97 

9868 

9872 

9877 

9881 

9886 

0890 

9894 

9899 

9903 

9608 j 

0 1 1 

2 2 8 

8 4 4 

98 

9912 

9917 

9921 

9926 

9930 

9934 

0939 

9943 

9948 

9962 

0 1 1 

2 2 8 

8 4 4 


9966 

9961 

9966 

9969 

9974 

9978 

0983 

9987 

9991 

9996 

0 1 1 

2 8 8 

3 8 4 
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1002. Anti-logarithms, 
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Proportional Parts. 
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1005 

1007 
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1007 
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•i099 

1102 

1104 

1107 

1109 

1112 

1114 

1117 

1119 

0 

1 

1 

1 1 2 

2 

2 

2 

•0& 

1122 

1125 

1127 

1130 

1132 

1135 

1133 

1140 

1143 
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1208 

1211 
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PART VIII. 


PREPARATION OP GASES. 

USE OF COMPRESSED GASES. 
DISTILLATION OP WATER. 

LISTS OP APPARATUS AND CHEMICALS. 
BOOKS FOR REFERENCE. 


Introductory Remarks. — Full dcsoriptions will be found in Churfs' 
Practical Chemistry^ Section VII., of the fitting and furnisliing of the Cliemical 
Laboratory, of the preparation of reagents and of reagent-bottles, and of 
methods of storage. There are also descriptive lists of the chemicals and 
apparatus required for general laboratory purposes and for qualUativfi 
analysis, as well as lists of chemical names with syml)ol,s and fornnila'. 

Some of these descriptions are reproduced in Part Vlll. of this hook, 
and are followed by lists of the additional apparatus and chemicals wbick 
are required for quantitative analysis. 


The Preparation of Gases. 

lOlO. A Convenient Form of Apparatus for furnishing a con- 
tinuous stream of certain gases in a dry condition is shown in Fig. 12!l H 
is suitable for the preparation of gas by the action of*a liquid upon a solid 
substance at ordinary temperature. 

Two bottles (A, B), with tubulures near the bottom, are connected below 
by means of rubber tubing as is shown in section in the figure. The acid- 
bottle (A) contains the liquid, and is raised so as to deliver its contents into the 
generating- bottle (B) which contains the solid. The gas which is evolved 
in the generating- bottle (B) is forced out by the pressure of the liquid in th® 
acid-bottle (A), and escapes through strong sulphuric acid, or other purify*^p 
liquid, which is contained in the washing- bottle (C). 

The escape of the gas can be regulated by adjusting a screw-clamp 
When the clamp is closed, the pressure produced by the gas collecting in Idi® 
generating-bottle (B) forces back the liquid into the acid-bottle (A), rfnd tlms 
stops the further generation of the gas. The production of gas recommence 
682 
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as soon as the clamp is opened, since the liquid from the acid-bottle Hows once 
more into the generating- bottle as soon as the pressure of the gas is reduced. 

ifio. 129. 



When the apparatus is not in use, the acid-bottle is lowered in order to 
remove unnecessary pressure ; the bottle is shown 
in this position in dotted outline in the figure. 

A layer of roughly broken glass, about 3 cm. 
in depth, sliould bo placed upon the bottom of the 
generating-bottlo (B), so as to prevent the solid 
from remaining in contact with acid at the bottom 
of the bottle when the apparatus is not in use. 
ihe bottles are fittccbwith rubber corks, and these 
are fastened down by wire to the necks and fubu- 
luros of the bottles in order to prevent them from 
being loosened or displaced. 

1011. The Kipp Apparatus (Fig. 130) may 

f^lso bo used for generating gases. It is similar 

its action to the apparatus already do- 
Rcribed (lOIO), but the acid vessel is placed above 
ihe generating vessel, and the two are connected 
fogethor rigidly when they are fitted up for use. 

1012. In preparing the following Gases, the materials specified 
below should be used in tho apparatus (1010, lOII)! 


Fi(]. 130. 



Thb Kipp Gknbbatob. 
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Hydrogen : zino and dilute sulphuric or hydrochloric acid. 

Carbon dioxide : marble and dilute hydrochloric acid. 

Hydrogen sulphide : ferrous sulphide and either dilute hydrochloric or 
sulphuric acid. 

Hydrogen chloride : lumps of rock salt and strong sulphuric acid. 


Use op Compressed Oases. 

1013* ^ost of the gases which arc frequently required for use in the lahora- 
tory can now bo purchased and stored in the compressed or liquefied condition, 
Phey are sent out in steel cylinders provided with a screw-valve, and a 
Buitably regulated stream of gas may be obtained by the careful adjust- 
ment of this valve. A regulator may be interposed in order to prevent the 
possibility of the gas issuing under too great a pressure. 

Oxygen, hydrogen, carbon dioxide, hydrogen sulphide, chlorine, coal-pns, 
air and other gases may now be kept in stock in the compressed state in the 
la])oratory, and they are then ready for use at any moment. 

By a special fitting applied to the cylinder of liquid carbon dioxide, the liqiufl 
may be allowed to issue into the air and furnish the solid carbon dioxide; this 
substance may be used either alone, or made into a |>aste with ether, as a powi i'fnl 
cooling agent. Liquid air, which can now bo produced in a laboratory apparatus, 
serves as a still more powerful refrigerator. 

Sulphur dioxide is usually supplied in tho liquid state in strong glnss 
bottles furni,shed with metal screw-valves. When the valve i.s oi)ened a 
constant stream of tho gas is obtained by the evapt)ration of tho liquid. 


The Distillation of Water. 

1014 . The Process of Distillation of Water may be carried on 
in the constant still which has been already described in paragraph 60 - 
Another form of constant still is shown in Fig. 131 (p. 635), but tho Brown 
condenser (Fig. 28, p. 32) is more efficient than the form shown here. P^e 
apparatus is represented in section about one-twentieth its working size» 
with the exception of the side-feed to the boiler, which is about one-tenth it® 
real diameter. * 

The water in a copper still (A) is heated by tho flame of a Fletcher burner 
•r of a large-sized Bunsen burner. The steam thus generated passes from the 
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to|) of the still through a spiral block-tin tube, which is immersed in water 
in the copper condensing- vessel (B). From this condenser the distilled water 
tlows into a largo stoneware vessel (C), which is furnished with a tap below 
from which the water is drawn when required. A long syphon-tube (CD) 
serves as a gauge to indicate the level of the water inside the jar. 

The lower part of the condensing-vossol (B) is constantly supplied with 
cold water from a tap (G) through the long funnel-tube. The hot water over- 


Fm. 131. 



flowing from the condenser passes from the tube (H) at the top of the condenser 
into a side-feed for supplying the boiler. From the side-feed the excess of 
water flows down a central tube through a waste-pipe to the sink, as is shown 
by the arrow. 

The spiral blook-tin pipe in the condenser must be of sufficient diameter 
to prevent it from offering any obstruction to the free escape of the steam 
from the boiler. Every part of this tube must have a downward slope in 
order to prevent water from collecting in it, and the coils must be supported 
by a suitable framework of wood or metal in order to prevent them from 
sinking from their original position. 

The copper still should be furnished with a broad lid screwing upon its 
roouth, for convenience in removing the deimsit which collects within. If 
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this lid should be fastened a brass tube carrying a screw-union, by which the 
tin condensing-pipo may be connected steam-tight with the still. 

When the still is working the boiler is constantly supplied with the hottest 
water from the condenser through the side-feed, and the water in the boiler 
is thus always maintained at the level shown by the dotted lino. 

As soon as the apparatus has been properly fitted up and the supply of 
water has been duly adjusted, it is only necessary to light gas under the still 
when the distillation is started and to extinguish it when it is to be sto])ped, 
and no attention is required during the process of distillation. The incnia- 
tation must be occasionally removed from the interior of the still, and from 
the supply-tube for hot water from the condensing- vessel; this is effected 
either mechanically or by dissolving it in dilute hydrochloric acid. 

Th(5 wooden stand, which supports the still and the storage-jar, may he 
fitted with shelves and doors so as to serve as a store-closet. 

This copper still, which is 60 cm. in circumference below and 20 cm. in 
height, and is kept filled with water to a height of 10 cm., yields about 2 
litres of distilled water per hour when it is heated by a large Ilunsen burner. 

In laboratories which require a larger supply of distilled water than can be 
furnished by the above apparatus, a copper still of several gallons capacity may 
bs set in masonry and heated either by a large gas-burner or by a small furnace 
fed with coal or coke. The hot water from the upper part of the condenser should 
pass into a small cistern, the overflow-pipe of wiiich Is so arranged as to maintain 
its water-surface level with that required in the still. The still is supplied with 
hot water by connecting it with this cistern by means of a tube bent downwiiids 
in its middle, so as to hinder the circulation of water between the still aiul the 
cist(!rn. 

1015. Pure Distilled Water free from Organic Matter.— If (ho 
distilled water which is used in the Permanganate Process (618) is not known 
(0 he free from organic matter, it should be treated in the following way ; 

About 1 gram of potassium hydrate and 0'2 gram of potassium perman- 
ganate are added to about 6 litres of distilled water in the distillation-fliisk 
(612), or in a large tin can {Fig. 107 , p. 418 ), which is fitted with a reflux con- 
denser. The liquid is gently boiled for twenty-four hours, and is then distilled 
into Nosslor cylinders (61I) as long as the distillate gives any colour with 
Nessler solution (61O). As soon as the distillate is proved to be free from 
ammonia and organic matter, it is received in a clean Winchester quart 
bottle. 


Condensers. 

1016. The Liebig Condenser (Fig. 96, p. 334) is now often replaced 
by other forms of condenser. 
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One of tlicse is sliown in Kig. 99, p. 350, in which the inner tnbo is spiral 
in form, and therefore affords a large condensing surface in a comparatively 
small space, 

The Cribb Condenser (Fig. 132) is another form which is both compacf 
and efficient. The condenser proper consists of two 
concentric tubes which are fused together at the 
to]). An interior chamber is thus formed in which 
the condensation is effected. 

Cold water is conveyed by the tube (a) into the 
interior of the inner tube, it then overflows and 
passes round the exterior of the outer tube and 
finally flows away by the side-tube (6). 

The va|)our passes into the condenser at the 
inlet (c), and the condensed liquid is collected by 
means of a receiver placed under the tube (d). 

In this apparatus the condensing-chamber is small 
but offers a very largo cooling surface ; the water 
is also caused to flow over the outer tube of the 
condenser, where it is freely exposed to the air 
and abstracts additional heat while it is being Ckibb Condknskb. 
vaporised. 

(^are must be taken that the condensing water does not overflow down the 
tube (d) into the receiver. A modification of the apparatus is now made in 
which the outer cooling water layer is inclosed 
by a jacket, and is thus prevented from cnteiing 
the receiver. 

The Soxhlet Condenser (Fig. 133) is an- 
other very convenient form of condenser. It 
consists of two concentric glass or metal spheres, 
the inner 8i)horo being supplied with a current 
of cold water which tiows as is shown by the 
arrow’s, and the vapour to bo condensed passing 
betw’con the inner and the outer spheres. By 
this means very thorough condensation is 

Tl-l! Sox,„.ET CONDKNS™, “ 

a reflux condenser. 

If very volatile liquids are used, an upright tube about 1 cm. in diameter 
CO^cm. long may be inserted in the upper orifice of the condenser by 
^eans of a perforated cork. This precaution effectively prevents any escape 
vapour. 
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List op Apparatus Required. 

The following apparatus will bo rsquired for Quantitative Analysis in 
addition to that usually provided for Qualitative Analysis. See Clours' 
Qualitative Analysis^ eighth edition (IIO8-II32). Th« numbers in brackets 
refer to paragraphs in the preceding text. 

1017. Apparatus for Each Student. 

Part/t /. and II. — Gravimetric, 

Weighing-bottle (16). 

Pair of watch-glasses 5 cm. in diameter, with clip (16). 

Desiccators (62, 63). 

Leakers, two 250 c.c., and two 500 0 . 0 . 

Quantitative filter- papers ; 9 cm. ai)d 11 cm. in diameter. Schleicher 
and Schiill’s are recommended (76, 81, 88). 

Three funnels, with ground edgea 

Two porcelain crucibles, 4 cm. and 4*5 om. in diameter. 

Two porcelain dishes, 10 cm. in diameter. 

I'wo clock-glasses, 10 cm. in diameter. 

Mounted piece of platinum wire, 15 cm. in length. 

1018. Apparatus for General Use. 

Ap|»aratijs marked with an asterisk will only serve for about six students. 
Numbers in brackets refer to paragraphs in which the apparatus is figined, 
mentioned, or described. 

Parts /. and 11, — Gravimetric, 

♦A balance (1), preferably with a .short beam. 

*A box of accurate weights, the larger weights of brass and the smaller ones 
of platinum or aluminium (4), with .several rider.s (0). 

Specific gravity bottle, 50 grams capacity (32, 34, 35). 

Sprengel tube (36, 37). 

Hydrometers (38). 

*Two Centigrade thermometers, graduated on the stem ; one from 16° 

1 00°, the other from 0° to 300° 

Fractioiiating-flasks of 200 cc., 300 ce., and 2 litres capacity (42, 012). Ik® 
largest size must be fitted with a ground glass stopper. 

Steel percussion mortar (56). 

Porous tiles or plates (107). 

Iron mortar, 20 om. in diameter. 

Water-oven (59). 

Air-oven (61). 

. Air-bath (73, d). 

Beakers, 1 litre in capacity. 

Beaker-fiasks (60). 
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Sieves of brass wire (oG, 177). 

Porcelain dishes, 20 cm. in diameter. 

Round flask, 300 c.c. (305). 

Funnels, 15 cm. in diameter. 

Filter flask (79). 

Scparating.funnel (79). 

Rose crucible, or substitute (92). 

(looch crucibles and cones (82). 

Iron plate on feet (73). 

♦Platinum crucible, 3 cm. high and across, about 20 grams in weight (90). 
Platinum capsule, 5 cm. in diameter, 2 cm. deep (90). 

Fused silica capsules, about same size (90). 

Nickel crucibles, 5 cm. in diameter. 

Platinum dish, 9 cm. in diameter. 

Silver dish, 9 cm. in diameter. 

Nickel dish, 10 cm. in diameter. 

♦Ceissler pump (80). 

Hot-water funnel jacket ( 107). 

Filters, cut, 26 cm. in diameter. 

♦U-tubesof various shape.s (177, 178, 352). 
tlalcium chloride tubes, straight, 10 cm. 

♦Liebig’s or Geisaler’s potash-bulbs (176, 790). 

50 c.c. pipettes, ungraduated (254). 

’I'wo ,300 c.c. conical flasks. 

Schrotter’s carbonic acid apparatus (183, 184). 

Straight bulb-tube (191). 

Comlju.stioii tubing, 1*6 cm. and 2’5om. in internal diameter. 

Porcelain boats, small and large (19G, 528, 786). 


Parts II IV., V, — Volumetric and General. 

♦Mca.suring.flasks ; 1000, 500, 250, 200, 100 c.c. capacity (2 IS). 

♦Pipettes ; 60, 25, 20, 10, and 5 c.c. capacity (254). 

Pipette, 10 c.c. graduated into tenths of a c.c, (254) 

♦Mohr’s burettes, 60 c.c. capacity graduated into tenths of c.c. ; one with 
glass stop-cock below (2.50). 

♦Measuring-cylirfders, graduated throughout and 1000, 500, 250, and 100 c.c, 
capacity (259). 

Erdmann’s float (256). 

Weight burette (292). 

Eggortz’s carbon tubes (530). 

Ualorimeters (554, 655, 656). 

8ix Nesslor cylinders, 15 cm. in height, 4 cm. in diameter, about 100 c.c. 
capacity (6 11). 

Microscope, with one-sixth objective. 

Schmidt’s milk-tubc (G67). 

S^xhlet extractor (671). 

Condensers (1016). 

Putter-flask (683). 

Alcohol still for beer 1693). 
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Erlenmoyer’s coml)Usli()n-furnace, 75- 80 cm. in length (7S:i). 
Copper-gauze (7SS). 
vSilver-gauze (788). 

Calcium chloride U-tubes(789). 

Nitrogen bulbs, Will and Varrentrap’s (805). 

Nitrogen-measuring tube (810). 

Digester for sealed tubes (814). 

Raoult’s apparatus (822). 

Thermon eter, which can be read to the hundredth of a degree (822). 
Boiliiig-jioint molceular weight apparatus (824). 


Assaying. 


Cupels and cupel mould (576). 
Conical mould (579). 

Assay- tongs (577). 


Ga.s mulTle-furnaco (577). 
Wind-fiirnaco. 

Crucibles, wrought- iron and clay (; 
679). 


Part Vl.—Oas Analysis. 


The Ilempel apparatus and pi|)eft<‘s 
(857). 

The Winkler burette (861). 

Explosion pipette (882). 

The Lunge nitrometer (890). 

Truman’s apparatus (897). 


The Russcll-West apparatus (OOG). 
Graduated gas- tubes, 50, 100, 200 c.c. 
Bottle for air-sample (913). 

The Meyer apparatus (921 ). 

The Dumas apparatus (926). 


lOlp. List of Chemical Reagents Required. 

This list is supplementary to the lists already given for Qualitative Analy^if 
(II 59 -II 72 ) in Clowes' Practical Chemistry, eighth edition. The niiinbi i^iin 
brackets refer to paragraphs in whicli the reagents are described or refci rcil to- 


Fuming nitric acid, 1 *5 sp. gr. (142). 
Sodium peroxide (141). 

Bromine (140). 

Magnesia- mixture (167). 

Soda-lirno (177). 

Pumice (177). 

Hy<lrofluoric ncid solution, pure (210). 
Litmus (264). 

Cochineal (266). 

Turmeric (267). 

Methyl-orange (268). 

Phenol-phthalein (269). 

Sodium (289). 

Steel pisnoforto wire (305). 


Ferrous ammonium sulphate 
108, c). 

Ammonium bisulphite (313). 
Potassium permanganate , c ry s( a Is ( .0 7). 

Iodine (331, 110). 

Potassium iodate {Note, p. 178). 
Starch solution (333). 

Sodium sulphide (379). 

Glacial acetic acid (380). 

Uranium nitrate (380) 

' Tricalciura phosphate (382). 

Neutral potas.sium oxalate. 

Succinic acid (609). 

•Ammonium acetate (435). 
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Aminoniiim molybdate solution (520). 
Chromic anhydride (527). 

Copper ammonium chloride (528, 108). 
Bonc-ash (576). 

Sheet-lead, free from silver (578). 

Pure silver (681). 

Argol, or crude tartar (572). 

Rod lead (579). 

Flour (579). 

Ncssler solution (608). 
Metaphenylciie-diamine (620, a). 

Silver nitrite (620, c). 

Plieiiol (624). 

Kmplastrum plumbiiJ.P., (626, b). 

Oleic acid (626, c). 

Sheet-lead strips (638). 

Ether (666). 

Fchling solution (699). 

Chloroform (707). 
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Hide- powder (709). 

(jiallotannic acid (714). 

Indigo-carmine, pure (712, b). 

Gelatin, Nelson’s (712, c). 

Kaolin (712, d). 

Absolute alcohol (724). 

Petroleum ether (729). 

Copperoxide, by o.vidalion ( 787 ). 
Asbestos. 

Pyrogallic acid (863). 

Cuprous chloride solution (864). 

Fuming sulphuric acid (876). 

Palladium (879). 

Hydrogen pero.vide, 10 per cent, solu- 
tion (901). 

Resin cerate, va.seline, rubier grease, 
(892). 

Mercury, free from foreign metals. 


1020. List of Substances for Experiments and Analysis. 

Ae/c.- -Substances which are marked with an asterisk (*) must bo purified by 

rcerystalli.sation (I 06 ). 


Iceland .spar, 
f^'iigar-candy. 

Petroleum. 

’Potassium chlorate. 

*C()pper sulphate. 

’Aliiin. 

*Nickel ammonium sulphate. 
•Perrons ammonium sulplmto. 
•b'hromoalum. 

Potassium dichromate* 
•barium chloride. 

Strontium carbonate (109), 
^>ne-l)lende. 

*Sodium sulphite. 

S<>dium thiosulphate. 

Palcium carbonate (109). 
^Ammonium oxalate. 

odium chloride ( 109 ). 
^Sodium bromide. 

Potassium iodide. 

^cad acetate, 

bismuth oxide (162). 


♦Zinc sulphate. 

♦Magnesium sulphate. 
♦.Sodium hydrogen i)hospliuto. 
♦Sodium arsenate. 

♦Potassium chloride. 

♦O.xalic acid. 

♦Cadmium sulphate. 

♦Tartar emetic (109). 
Araenious oxide ( 1 10 ). 
♦.SLannous chloride. 

♦Cobalt sulphate. 

♦Pota.s.sium nitrate. 

♦Borax. 

♦Boric acid. 

Vinegar. 

Bleaching- po wder. 

Haematite. 

Silver Alloy. 

Calamine. 

Malachite. 

Soda-ash, 

Magnesian limestono, 



LISTS OF BOOKS 


542 


[ 1021 , 


Spathic iron-ore. 

Butter. 

Manganese- spar. 

Beer. 

Salt-cake. 

Moist- sugar. 

Furnace- slag. 

I'ea. 

Felspar. 

Sumach. 

(ialena. 

Soap, 

Glass. 

Cane-sugar crystals. 

Copper- pyrites. 

Urea. 

Brass borings or turnings. 

Acetanilide. 

Bron/o „ „ 

Chloral hydrate. 

German-silver „ „ 

Ammonium succinate. 

Type-metal „ „ 

Paratoluidine. 

Clay-ironstone. 

Caffeine. 

Cast-iron borings or drillings. 

Sodium nitrate. 

Steel borings or drillings. 

Ether, pure. 

Superphosphate. 

Benzene, pure. 

Guano. 

Argentiferous galena. 

Basic slag. 

Gold-quartz. 

Milk. 

Various fats, oils and waxes(7'i5-771). 


1021. List of Books fob Refehkncb, 

For General Analysis. 

Frosenius’ Quantitative Analysifl. 

Treadwell’s Analytical Chemistry. 

For Volumetric Analysis. 

Sutton’s Volumetric Analysis. 


For Gas Analysis, 

Sutton’s Voluineirio Analysis. 

Bunsen’s Gasometrische Methode (or English edition). 
Hem pel’s Gas Analysis. 

Winkler’s Gas Analysis. 

Travers’ Experimental Study of Gases. 

For Special Analyses. 

Crookes’ Select Methods of Chemioal Analysis, 
Allen’s Commercial Organic Analysis. 

Frankland’s Water Analysis. 

Blyth’s Text-book of Food Analysis, 

Addyraan’s Agricultural Analysis, 

Procter’s Text-book on Tanning. 
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B«ringer’i Text-book of Assaying. 

Van Furman’s Manual of Piactical Assaying. 

Aaron’s Assaying (3 Parts) 

Parry’s Assay of Antimony and Tin. 

Hiorn’s Practical Metallurgy and Assaying. 

Classen’s Application of Electrolysis to Chemical Analysis. 

Smith’s Electrochemical Analysis. 

Low’s Technical Methods in Oro Analysis. 

Washington’s Chemical Analysis of Rocks. 

J^ittritch’s Anleitung lui Gesteinsanalyso. 

Analysis of Silicate and Carbonate Rocks (Bulletin .‘{Of), U.S.A. Goh.i^ical 
Survey). 

Blair’s Chemistry of Iron. 

Ibbotson and Brearley’s Analysis of Steel V/orks .Materials. 

Arnold’s Steel-Works Analysis. 

Lewkowitsch’s Chemical Analysis of Oils, Fats, and Waxes. 

Stillman’s Engineering Chemistry. 

Phillips’ Engineering Chemistry. 

Butterfield’s Gas Manufacture. 

Lunge’s Sulphuric Acid and Alkali. 

Lunge and Hurter’s Alkali-maker’s Handbook. 

Lunge-Koane, Technical Methods of Chemical Analysis. 

Groves and Thorp’s Chemical Technology. 

Gattermann’s Practical Methods of Organic Cheiniotry. 

Lassar-Cohn’s Practical Organic Chemistry. 

Watts’ Dictionary of Chemistry. 

Thorpe’s Dictionary of Applied Chemistry. 

Methodes de Calorimetrie, 1908, by Louginiiio and Shukerew (pp. 45 03). 


The Analyst, 

The Chemical News. 

The Journal of thg Chemical Society. 

Ihe Journal of the Society of Chemical Industry. 


Comey’s Dictionary of (Chemical Solubiliti^ (Inorganic^ 
Landolt-Bornstein Physikalisch-Chemischo Tabellen. 
Bayloy’s Chemisti’ Pocket-book. 

CasteU Evaiis* PhyBioo-ohemioal Tables. 

^twald’s Physioo-ohemioal Measurements, 
hysloal and Chemical Constants by Kaye and Laby. 



APPENDIX 


1022. Oven for Drying at Constant Temperature.— Tiic drying ou tw 
described in pars. 59 and 61 may often be advantageously replaeid by (he 
one described below. In this oven the substance to be dried may be exposed 
with certainty to the desired temperature while a current of air or other gas, 
either in the ordinary or dried condition, and maintained at the desired 
temperature, is passing over it. The temperature is attained by surroiindijig 
the drying-vessel with the vapour of a boiling liquid, or with the liquid itself, 
which boils at the desired point. 


Fio. 134. Fio. 136. 



A muffle-shaiKjd copper drying-chamber (C), for containing the substances 
to be dried, is supported horizontally in a round copper-jacket (A), the 
between the chamber and the jacket being partly or completely lillcd witli (he 
liquid of the desired boiling-point ; and th6 liquid is maintained at its boiling- 
point by a series of gas-jets from an air-burner beneath the jacket. 
vapour of the boiling liquid is constantly condensed by the arrangement 
shown at (B) and returned as liquid to the jacket. 

The admission of air to the interior of the drying-chamber takes place 
through a flat copper tube (D) which passes through the boiling liquid or its 
vapour, without touching the jacket, and opens into the further einf of tl'® 
drying -chamber ; the exit of the air is through a copper chimney (F) lot nbn 
644 
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the front end of the drying-chamber above the door by which the substances 
are introduced. If the ordinary air is to be admitted by this lube its inlet is 
left open to the atmosphere ; but by suitably connecting the inlet end, dried 
air or other gases can be allowed to pass over the substance to be dried. Tliis 
form of oven secures a considerable reduction of space around the substance, 
and insures the maintenance of a uniform temperature throughout the 
drying chamber. 

Convenient dimensions for the apparatus are as follows : outside measure- 
ment of round jacket 14 in. long and 4 .| in. in diamcler ; the drying-chiimber 
is in. across at the bottom and 1| in. high, with a greatest diameter of 
2^ in. ; the chimney is 11 in. high. 

The substances to be dried are conveniently ranged along a copper tray, 
which is too short to stop the air-irdet, and the tray is then pushed into the 
drying-chamber. Six watch-glasses or Hat weighing-bottles can be placed 
on such a tray at one time. 

1023. Analysis of Commercial Aluminium.- The examination of the 
commercial metal is now a matter of much importance. The method dcs- 
cril)cd below serves also for aluminium alloys. 

The commercial metal may contain the following impurities : — carbon, 
f’ilicon, manganese, sulphur, phosphorus, iron, copper, nitrogen and sodium ; 
and of these the sodium is most deleterious. 

The impurities are estimated as is described below. The sample for 
analy.sis is required in the condition of filings, turnings, or boiings. 

Carbon. The total carbon i.s estimated in 2 grains of aKirsc borings of the 
nietal by di.ssolving away the aluminium and iron in a solution of cupric ammo- 
nium chloride, and then burning the residual carbon and weighing the CO2 
produced (528). 

Silicon may be present both in the free graphitic state and as cond)ined 
filicori. The total silicon present in both these forms may be estimated by 
fusing 3 grams of the metal with sodium carbonate, treating the cool mass 
'vith excess of HCl or H2SO4, evaporating to dryness and then heating the 
residue to render the silica insoluble ( 2 I 0 ). After the residue has been treated 
^ith dilute HCl, the silica may be filtered off, washed, ignitid and 
^righed, and the weight of silicon calculated. The filtrate and washings 

We reserved. 

^^Q'Dganeso is estimated by treating 5 grams of the metal as is directed 
lor the estimation of manganese in steel by the bismuthate method {l028)- 

Sulphur is determined by dissolving 6 grams of the metal in aqua regia, 
Pfccipiiating the resulting H^SO* as BaS04, and weighing the sulphur in this 

'“'■“(SSS)- 

d.'i 



546 


APPENDIX. 


Phosphorus is estimated by treating .5 grams of the metal as is directi d 
in paragraphs 537, 538, 1 026, and weighing the resulting lead molylxliito. 

Iron is determined in the filtrate from the above estimation of silicon. 
The filtrate and washings are made up to a definite volume, and two thirds ol 
the liquid are used for the estimation, the remainder being reserved for the 
determination of aluminium which follows. 

Sodium hydrate solution is added to the liquid in quantity sufiicicnt to 
redissolve the precipitated Al(OH)3, and the liquid is diluted to 300 c.c. 
and allowed to stand ; the precipitate of Fe{OH)3 is then filtered off, washed, 
and dissolved in dilute acid, and the iron in this solution is reduced to the 
ferrous condition and titrated with standard dichromato or permanganate 
solution (310, 323). The Fe thus found was contained in 2 graniB of the 
commercial aluminium. 

Aluminium. The remaining third part of the filtrate from the silicon 
estimation, corresponding to 1 gram of the commercial aluminium, is shaken 
with 2 grams of powdered sodium phosphate until the salt is dissoKccl, ami 
ammonia solution is added until a permanent precipitate is foniud: the 
precipitate is then just redissolvcd by the gradual addition of HCl and boiling, 
and the liquid is made up to 300 c.c. with hot water. An excess of 10 grams 
of sodium thiosulphate, above the amount required to reduce any ferric iron 
present, and 20 c.c. of acetic acid are now added, the whole is boited for fifteen 
minutes, andjjj^ precipitate is filtered off, washed, dried and ignited. The 
ignited substance is then heated with HCI, any insoluble matter is removed by 
filtration, and the aluminium is again precipitated as AIPO4, as is directed 
above, and the precipitate is filtered off, washed, dried, ignited and weighed. 
From the weight found the weight of A 1 is calculated. 

Copper is determined in 6 grams of the commercial aluminium. Dissolve 
this in HCl and filter, reserving the filtrate. Wash the insoluble residue, 
dry and ignite it, and heat it with HF, HNO* and H2SO4, continuing the 
heating until the two former acids have been remoVed by evaporation ; then 
dilute the residual liquid and add it to the above filtrate. 

Now precipitate the copper from the whole liquid ‘by passing H.jS or by 
adding a few grams of Na2S203, filter off the precipitated sulphide, and either 
wejgh it as CugS (474) or dissolve it in HNO3, add an excess of Na^Cf h, thin 
HA in excess, and estimate the copper volumetrically by KI and standard 
thiosulphate (357). 

Sodium, The following method of estimation depends upon the fact that 
aluminium nitrate is decomposed and yields a residue of AI3O3 at a mucli 
lower temperature than is necessary to deeompose sodium nitrate. 

Five grams of the aluminium are dissolved in strong HNO3 dilute^l with an 
oqual (juantity of water, aud tho solution Is evaporated to drvuess io ^ 
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platinum dish. The solid residue is then reduced to powder in an ogato 
mortar, and heated below the fusing-point of sodium nitrate until no more 
nitrous fumes are evolved. The mass is then digested with boiling water, 
the liquid is decanted off, and the uiidissolvcd alumina is washed three or four 
times by decantation. 

The filtrate and washings are mixed, a few drops of nitric acid are added, 
and tlio liquid is evaporated to dryness. The residue is then dissolved in 
boiling water, any undissolved alumina being removed by filtration, and the 
clear solution is mixed with IICl, and again evaporated to dryness and 
bjiited to 3(X)° C. 

The sodium chloride which remains is then precipifafed by silver nitrate, 
and the resulting silver chloride is weighed. From the weight of AgCI 
obtained the corresponding weight of Na is calculated. 

1024. Estimation of Titanium in Iron-ores.— This method is alter- 
native to that described in par. 523. 

The aluminium and titanium must be pr('sent dissolved in acetic acid, 
in order to keep the alkaline earth pbosi*li itcs in solution. This solution 
of the ore is precipitated by the addition of sodium phosphate and thiosulphate; 
and the precipitated AIPO4 and TiO., are separated, after the removal of (he 
t^ilica, by 'fusion with Na2C03 and extraction with water containing NaOH. 
The undissolved sodium titanato is dissolved in HCl, aiicL^ecipitatcd as 
TiOg by means of Na2S203 solution. 

Heat from 3 to 5 grams of the fiiiely-powdcrcd ore with HCl until it is 
decomposed, evaporate the whole to dryness, heat the residue to render 
silica insoluble, extract the residue with HCl, and filter, reserving the filtrate. 
Hash, ignite and weigh the silica ; then pour upon it some HF and a few 
drops of H2SO4, evaporate, ignite the residue, dissolve it in HCl and utld 
the solution to the above filtrate. 

Introduce into this iiquid from 2 to 3 grams of ])owdcred sodium phosphate 
find dissolve the salt by stirring; fhen add ammonia solution gradually 
'iiitil a slight permanent precipitate is produced and just redissolve this 

the cautious addition of HCl ; iiiially add an excess of one or two c.c. 
of the acid. 

Now dilute the acid liquid to about 300 c.c. with hot water, add an exce.ss 

10 grams of powdered sodium thiosulphate over the amount required to 
feduce any ferric iron present to the ferrous state, then add 20 c.c. of dilute 
f-cetic acid and boil the liquid for 15 minutes. 

The precipitate of Ti02 and A1P04 thus obtained is filtered off, washed by 
Recantation with hot dilute HA and finally with boiling water, and then 
fllteredll dried and ignited. The precipitate, which may contain Si02» F2O3 
AljOj, is redissolved in HCl, the iiquid is filtered if necessary, nearly 
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neutralised with AmOH, and rcprecipitated as before by means of Na^SoO^ and 
Na2HP04 in acetic acid solution, but using only 1 gram of the sodium plios- 
phate. 

The phosphate precipitate is now treated with HCl, which only partly 
dissolves the titanium. The imdissolved residue is filtered olT, and is heatf'd 
with HF and H2SO4 in a platinum vessel until the HF has been removed 
by evaporation and the silica volatilised : the residue is then dissolved in HC, 
and the solution is added to the above solution in HCl. 

The whole liquid is now reprecipitated by Na2HP04 and 
acetic acid solution as before, and the precipitate containing the All'O^ and 
TiO^ is washed, dried, and ignited ; it is then powdered, mixed with about 
six times its mass of Na2C03, and fused at a gentle heat for ten minutes ma 
platinum dish. The cool mass is now treated with warm water containing a 
little NaOH, free from dissolved alumina and silica, and the liquid is liltercd. 

The whole of the titanium is now present as sodium titanate in the undis- 
solved residue. This residue is ignited and then dissolved in the least possible 
quantity of HCl : the acid solution is boiled, and Na2S20;} is added and tlie 
boiling is continued for fifteen minutes. The precipitate is then washed bv 
decantation first with water and then with very dilute HA, it is then filtend 
off, dried, ignited and wTighed as TiOj. 

Note. — The ..aluniiniuni may, if necessary, he estimated in tho above water 
and NaOH filtWte, by acidifying with HA and adding Na2HP04, and filtiMin:;, 
washing, igniting and weighing the AIPO4. 

1025. Analysis of Bauxite.— About 1 gram of the powdered sample is 
accurately weighed into a cruoiblc and dried at 10 .' 5 ° C. to dedonnine ibe 
hygroscopic moisture ; it is then ignited to ascertain by the loss tlio 
amount of combined water. 

About 0‘5 gram of the very finely powdered sample is then weighed 
accurately and fused with KIISO4. The cool mass is heated wilh dilute 
HCl, and then evaporated to dryness, the residue beings heated to render the 
silica insoluble ( 210 )- The mass is then treated with dilute HCl. and the 
diluted liquid is filtered to remove tho undissolved matter, reserving this 
original Ji Urate. 

The undissolvcd matter is boiled for fifteen minutes with sodium carboiudP 
solution, and the residue is filtered off, washed, dried, ignited and wu'igliodu^ 
insoluble matter. The alkaline solution is reserved. 

The alkaline solution and washings from above are acidified with Hf h 
and then evaporated to dryness ; tho residue, after being heated to renfhf 
the silica insoluble, is extracted with dilute HCl and the silica is vcniovcti 
by filtration and retained : tho acid filtrate may be once more evaporated 
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and the residue treated as above for the separation of the last trace of silica, 
which is filtered off and retained on the filter. 

The original filtrate is evaporated to dryness (210), the residue is heated 
with dilute IlCl, and the silica is filtered off and retained, this main filtrate 
being also retained. 

All three portions of silica from the above procedure are thoroughly 
washed from alkali-salts, then dried, ignited and weighed. The ignited 
silica is evaporated with HF and a few drops of H2SO4 in a platinum vessel, 
and the re.sidue is ignited and weighed : the loss of weight caused by this 
treatuK'nt is the weight of silica present. Any residue is dissolved and added 
to the above main filtrate. 

The main filtrate from above is mixed with a slight excess of bromine- 
water, and the AI2O3, Fe.O^ and TiOo are precipitated together by adding 
a slight excess of ammonia solution and then warming the liquid for about 
half an hour, or until the exoe.ss of ammonia has been removed. The 
precipitate is now filtered off, washed, and reserved for further examination : 
the filtrate is mixed with excess of ammonia and Ca and Mg arc estimated in 

if (426, 427). 

The precijiitato of AI2O3, re203 and Ti02 is dissolved in HCl, the .solution 
is evaporated if nece.ssary to a small volume, and is poured into strong pure 
solution of NaOH. The liquid is heated for some lime, and is then diluted 
and liltered, and Al is determined in the filtrate by acidifying and adding 
excess of ammonia (130)- The precipitate, which contains FcoO^ and TiOo, 
is filtered off, well washed, ignited and weighed. 

The ignited precipitate of Fc2()3 and Ti02 is then fused with KII8O4, the 
cool mass is di.ssolved in winter, and the liquid is saturate d with SO2. Troin 
Ifi to 20 grams of sodium acetate are now dis.^^olved in a .small quantity of 
water and the solution is mixed with the above liquid, to which about a tpiarter 
uf its total volume of acetic acid is then added. The whole is now boiled for 
about two hours and the Ti02 is filtered oil at once through a double filler. 
The Ti02 must be well washed with boiling water, adding SO2 to the first 
Washings if much Fe is present, and the precipitate is ignited and weighed 
as Ti02, The weight of the Fe203 is found by difference. 

An alternative method consists in igniting and w'cighing the (Tried and 
ignited precipitate of AI2O3, FcoOg and TiOo, then finely powdering it and 
•nixing it with ten times its weight of pure NaoCOj obtained from NaHCOs, 
fusing the mixture, and extracting the cool mass with boiling water. The 
residue of FeaO,, and TiOg is then filtered oil. thoroughly washed, ignited and 
^rn’ghed, and the weight of the AIoOs is found by difference. The ignited 
^irixtuiw of FejOj and TiOg is treated as is directed in the preceding paragraph, 
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1026. Estimation of Phosphorus in Iron by Weighing the Lead 
Molybdate {PbMo 04 ). — After the phospho-molybdate precipitate has been 
obtained, as is directed in par. 538, dissolve it in 1 o.c. of strong amnioniiim 
hydrate solution, wash out the filter and beaker well with water, and acidify the 
solution and washings with 10 c.c. of dilute HCl, then add 10 c.c. of a solution 
of lead acetate containing 40 grams in the litre. Prepare solutions of NHiOl 
and of ammonium acetate, each containing 200 grams of the salt in the litre, 
mix 50 c.c. of each of these solutions and warm the mixture. Then mix it with 
the above liquid, heat, filter, wash the precipitate with warm water, and 
ignite, and weigh it as PbMo 04 . This weight must be multiplied by 0 ()()7 
to obtain the weight of phosphorus corresponding to the molybdate. 

1027. The Bismuthate Method for Estimating Manganese in Iron 
and Steel. — This method is more expeditious than the method described 
in par. 540, since it does not involve the previous separation of the iron from 
the solution. This advantage is also possessed by the colorimetric method 
which follows (1028)- 

The bismuthate method depends on the oxidation of the Tnangiucsc 
in solution to permanganic acid by means of sodium bismuthate in the 
presence of nitric acid ; the permanganic acid thus produced is then mixed 
with an excess of standard ferrous ammonium sulphate solution and the 
excess of ferrous salt is titrated with standard permanganate solution 

(318, 3 I 9 )< 

The process is carried out as follows. If the sample consists of steel, 1 1 
grams are dissolved by heating the steel with 35 c.c. of HNO3 of 1*2 spccitio 
gravity ; if iron is to be dealt with three times the weight must be used, 
and the amount of acid must bo increased. 

After the action of the acid is completed, oxidise the organic matter present 
in the solution by adding sodium bismuthate (see Note below) gradually until 
the pink colour of the permanganic acid either persist^ or becomes changoJ 
to brown manganic oxide when the liquid is boiled : this will generally require 
about 2 grams of the bismuthate. Then add either siilphurous acid or 
hydrogen peroxide gradually until the liquid is clear, and cool it. 

When the liquid is cold, shake it well after adding about 1 gram of sodium 
bismuthate : then filter the liquid, which is coloured by HMn 04 , tlirough an 
asbestos filter into a flask, and wash the filter with water containing 3 per 
cent, of HNOs until the washings are colourless. 

Now add to the filtrate and washings a known volume of decinornial 
ferrous ammonium sulphate solution, sufficient being used to be in excess of 
that required to completely reduce the HMn 04 , and titrate the excess of 
ferrous salt in the liquid by means of decinormal permanganate soi^iHo^ 

(318, 319)* 
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Each o.c. of the standard ferrous solution which is oxidised by the HMiiO* 
corresponds to 0-1 per cent, of Mn for each M gram of the metal taken. 

Note.— Sodium biamuthate may be purchased ; or it may be prepared by heating 
20 parts of NaOH nearly to redness in an iron crucible, and adding gradually 
10 parts of basic bismuth nitrate which has been dried at 100° C. : 2 parts of 
sodium peroxide are then added, and the brownish-yellow fused mass is poured 
out upon an iron plate to cool. It is then broken up, extracted with water, washed 
by decantation, collected on an asbestos filter, dried at 100° C. and finely powdered. 


1028 . Colorimetric Estimation of Manganese in Iron and Steel— 
When the solution of iron or steel in nitric acid is heated with aimnoniiim 
persulphate in the presence of a small amount of silver nitrate, the manganese 
present in the solution is converted by oxidation into permanganic acid, 
and this may be estimated colori metrically by comparison with the colour 
similarly produced by steel with a known percentage of manganese, as in 
the method for estimating carbon in iron and steel ( 530 )- 

The process is carried out as follows. Dis.solve 0-2 gram of the sample of 
steel, and the same weight of the “ standard ” steel (see Note below), in two 
test-tubes in separate 10 c.c. portions of nitric acid of 1*2 specific gravity, by 
healing the tubes in the water-bath until nitrous fumes cease to be evolved. 

Then add to each liquid 15 c.c. of a solution of silver nitrate containing 
133 grams of the salt in the litre, the 15 c.c. corresponding therefore to 0-2 
firam of AgNOj ; and, after adding about 1 gram of ammonium persulphate, 
continue to heat the tubes in the water-bath for abotit half a minute after 
the production of colour by formation of HMnO^ has commenced. 

Now place the tubes in cold water, transfer the cold liquids to graduated 
tubes ( 530 ), and equalise the intensities of the colorations by diluting the one 
^ith stronger colour with the necessary amount of water. The procedure and 
method of calculation are described in par. 530 . 

Note . — the steel opntains more than 0'75 per cent of manganese, only O'l 
gram of the sample should be used for the estimation. 

For pig-iron 1 gram may bo used ; this is dissolved in 30 c.c. of the nitric 
®cid, the liquid is filtered into a measuring flask and its volume is made up to 
lOO 0 . 0 . 20 O.O. of this solution an^ introduced into a test-tube, and just sufficient 
ammonium persulphate is added to render the solution clear ; then 15 0 . 0 . of the 
silver nitrate solution and the ammonium persulphate are added, and the 
procedure described above is followed. 

As in the colorimetric estimation of carbon in steel { 530 ) th® “ standard ” 
ttiuat be simQar in character to the steel which is under examination. 


1029 . Chromium in Stool. — Chromium may be estimated in steel either 
y gravimetric or by volumetric methods: the latter arc usually adopted 
^L'cause they are more easily and rapidly carried out. One method of each 
**id is described below (a, b). 
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a. Graiimctric Method.- The method depends on the trealnient of iIk^ 
steel with fused sodium and potassium earbonutes or “fusion niixlnn'." 
\vliieli converts the iron, silicon, chromium, manganese and sulphur n siMr 
tiVTly into ferric oxide, and alkaline silicate, chromate, inanganafe aiifl 
sulphate. The chromate is then converted into cliromic hydrate, ulmli is 
ignited, and the resulting chromic oxide is weighed. From this the weight 
of chromium and its peree!itag(‘ weight in the steel may be calculated. 

Fur the p'-tiination 2 grams of tine steel drillings are dissolved in to c c. 
of dilute acid, consisting of a mixture of hydrochloric acid with its dwn 
volume of wat(T, the .solution is evaj>orated to dryness on the hot plate, imd 
the residue is mixed with six times its weight of fusion mixture in a ])la1 imii!i 
crucible. After this mixture has been kept in a fiisetl state for t wdily 
minutes, it is allowed to cool, and is extracted by being boiled for some tiiue 
with 100 c.c. of water. The li(|uid is then filtered, the residue vvashcil, and 
the chromate is comphdely reduced in the filtrate and washings by jjas-iii;: 
sul[)hur dioxide. Excess of ammonium In’drate is now added, and the pi' - 
cipitateis filtered eff and redi.ssolved in hot hydrochloric acid ; this soiiili''ii 
is evaporated to ('ry less, the residue is boiled with 100 c.c. of dilute IimIio 
chloric acid, and the silica is filtered off. The filtrate is now repn'cipit itid 
with ammonium hydrate, heated nearly to boiling, and filtered after .s(dt liny : 
the preeipitati^ is washed, dried and ignited, and the Cr./)., is wi ighed. 

b. Volum^drir Method. — The method di'pends on adding to the soluliini cf 
the steel in acid solution of [lot.issium permanganate to oxidise the iron ami 
to convert the chromic salt into chromic acid. The. completion of this o.vida 
lion is indicated by t he appearance of a turbidity, which is due to the piveipi 
lation of manganic oxide by the interaction of manganous sulphate with lli'‘ 
exces.s of permanganate. A measured volume of standard ferrous snhitioii 
is then added in (piantity more than sufficient to rc'diice the chromic miit 
and the excess of ferrous salt is determined by means of standard ])()tas: ium 
dichromate solution. From the equation 003 OIICl + 3 l*c(l, 
CrClg + .‘llIjO + IlFcC'lg it will be seen that 1 C 6'5 jiarts of feirous 
corresjiond to 52 of chromium, or that one part of iron corresponds toh..!l 
of chromium. 

Fur the estimation dissolve 2 grains of the steel in 20 c.c. of dilute sul- 
phuric acid, consisting of sulphuric acid diluted with three times its volui'ie 
of wat(;r. Boil the acid until solution is nearly complete ; then cuuluum 
the boiling after adding 20 c.c. of nitric acid of 1*2 specific giwvity, uml 
when solution is complete, dilute to 200 c.c. by the addition of waiter. ^ Ih'-^* 
again and add a solution of potassium permanganate, containing 20 gi'uii'-’ 
per litre, until a turbidity persists, and then add 2 c.c. more of the jicruuue 
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ganat?. Boil for ton minutes to oonvert the exooss of poi-manganatc into 
manganese dioxide, filter through ashoslo.s, add a known volume in excess 
of decinormal ferrous ammonium sulphate solution, and determine tlu' 
excess of the ferrous sulpliato by titration with standard diehromate 
solution. 


1030 . Tungsten in Steel. - Tlu^ steel is dissolve ‘d in hydroeliloric or 
nilric aeld, or in aqua regia. The eohilion is evajmrated to dryness, and 
extraeUal with hydrochloric acid, when a residiu' of silica and tungstic 
oxide, VVO 3 , will remain. Thc‘ silica i^ removed from this residue hv 
means of hydronnoric and sulphuric acids ( 2 10 , and the tungstic 

oxide is weiglicd. 

The advantage obtained by dissolving the original steel in nitrit; acid alone 
is that the tungstic oxide will b(' free from ferric chloride. Two methods of 
])rocodure {a, b) are given below. 

a. First Method of -Bi.ssolve 2 grams of the st(‘el borings in 

.’^0 e.e. of nit l ie acid of 1*2 speeilie gravity, evaporat<' tla* .solution to dryness, 
aiul heat I lie resiilue ; t hmi add 25 e.'\ of hydroeliloric acid, t^vaporai 0 consider- 
ably, dilute to 50 e.e., allow the residue to settle, and decant through a donhle 
filter. Wash tla; ri'siduo well on the filter, rejecting the filtrate if it is el(;ar, 
till'll wa.sh with dilute hyilroehlorie acid until the residue is free from 
iron, dry the residue, and ignite and weigh it in a plutimim enmilile. The 
weight of the silica andtung.stie oxide i.s thus obtained. Heat this mixture 
with hydrolluorie ami suljihiiric acids, evaporate and ignite, and weigh the 
residue of tungstie oxide. Calculate from this the weight of tung.sten and its 
percentage in the steel. 

Note , — Any renmiying trace of iron may he reaiovcd from the tungstic oxide 
ky heating it with fused .sodium earhonato, extracting with water, liltei ing oh tlm 
ferric oxide, and estimating the tungstate hy gravimetric or volumetric nietliods. 

• 

b. Alternative Melhod. — Heat the steel borings with 50 e.e. of strong hydro- 
chloric acid just short of boiling, adding a few drops of strong iiifrie acid from 
lime to time, until a clear solution is obtained. The nitric acid is only added 
‘*8 an oxidant, and should be sparingly used. Boil the solution until the 
tungstic oxide just begins to separate, tlien dilute with a double volume of 
hot water, and continue to boil for some time, then decant through a liltei. 
Wash, dry and ignite the precipitate, and treat it as above (a) to remove 
'^iliea^aud obtain the weight of the tiing.stic oxide. 


1031. Molybdenum in Steel. -The method depends on preparing a 
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solution of the steel by heating it with hydrochloric acid, nitric acid bciiur 
occasionally added as an oxidant in small quantities only. Tlic iron ainl 
manganese arc precipitated from this solution by adding sodium hydrate 
in slight excess. The Mo is then precipitated from this filtrate as lead 
molybdate, PbM 04 , in the presence of acetic acid, and weighed as such. 

For the estimation boil 2 grams of the borings with 20 c.c. of strong hydro- 
t hloric acid, adding occasionally a few drops of strong nitric acid. Pour ihc 
solution slowly and intermittently and with constant stiiTing into 300 c.c. of 
a 5 per cent, solution of sodium hydrate. The iron and manganese will he 
precipitated, and the molybdenum will remain in solution. 

Make this liquid up to 500 c.c., shake well in a large flask, and filter olT 
250 c.e. corresponding to one gram of the steel ; add to this a drop of methyl 
orange as an indicator and then add a distinct excess of hydrochloric acid. 1 hen 
boil for some minutes, and add a solution of lead acetate solution, containing 
40 grams per litre, and ammonium acetate solution in sufficient (piantity to 
replace all free hydrochloric acid by acetic acid. 10 c.c. of the lead ae('latc 
solution will precipitate O'Ol gram of molybdenum. * 

Now boil, allow to settle, decant through a filter, and wash the precipilatc 
with hot water ; then dry, ignite and weigh the lead molybdate. 


1032. Vanadium in Steel. - -The process depends upon the deteniiiiiu 
tion of the amount of oxygen required for the conversion of V ./34 into VofV 

MetJujfl. — Two grams of the steel are dissolved by being heated with 
hydrochloric acid with occasional addition of a few drops of nitric acid, and 
the solution is evaporated to dryness. The residue is then mixed with 
twice its weight of “ fusion mixture,” and the mixture is kept in fusion for 
ten minutes. The cooled mass is extracted by boiling it with water, the 
liquid is filtered and the residue washed on the filter. The filtrate and 
washings are acidified with dilute sulphuric acid, then, evaporated con- 
siderably, made up to 160 o.c. with water and saturated with sulphm’ 
dioxide. The excess of sulphur dioxide is then removed by boiling the 
solution, and it is titrated with decinormal permanganate solution. The 
amount of oxygen consumed corresponds to the conversion of the V 2 O 4 
into V 2 O 5 . 


1033 . Estimation of Moisture in Coal— As has been stated in par. 546 , 
the estimation of moisture in coal by drying it at 100°C can never be relied 
upon as being exact. It is generally considered, however, that more constant 



1034,1035] 


APPENDIX. 


555 


and relatively accurate results may be obtained by drying the coal at 1 10 ° C. 
and making sure that it is maintained at that temperature during th(> drying 
process. ^ 

This temperature may be conveniently attained by drying the coal in the 
apparatus described in par. 1022 , and using either toluene as the liquid in the 
jacket, or a mixture of glycerine and water containing 73 per cent, of glycerine 
and having a specific gravity of 1 19. 

If the glycerine mixture is used it must entirely fill the jacket, since 
the liquid gives a constant boiling tenqierature although its va})Our does not 
do so. The use of this mixture obviates any risks which miglit arise from 
the inflammability of the toluene vapour. 

1034 Analysis of Air-dried Coal.— Since coal usually contains some 
adhering water, it is necessary as is stated in par. 545 ^® powder the whole 
sample very quickly, inclose it in a stoppetcal bottle, and to deal with the 
separate portions to be weiglied as quickly as possible, else water may be lost 
to varying extents during manipulation of difTercnt parts of the general 
sample, A better plan, when possilde, is to powder the general sample 
and to spread it out in a thin layer and leave it exposed to the air until it 
has lost its adherent water. This air-dried coal can be bottled and used for 
weighing off the separate portions required for the estimations. It will bo 
necessary to determine the moisture in tlie original coal, and then to 
redetermine moisture in the air-dried coal in order to correct the rcsidts 
obtained from air-dried coal to those on the dry coal. The air dri(;d coal is 
better suited for the calorific power determination, since after the coal has 
been heated it has lost some of its volatile combustible constituents. 

1035, Blichfeldt’s Method of Estimating Foreign Fats in Butter.- 
Blichfcldt has described a process for the estimation of Imtter-fat and cocoa- 
nut fat in margarine and similar mixtures, which may contain botli of these 
fats as well as ordinary oleo-iuargarine. It is based, like the Reicbert-W ollncy 
process, on the determination of the amounts and properties of the volatile 
acids which are obtainable from the mixture under certain standard conditions. 

Reichert determined the butter-fat in the mixture by estimating the 
alkali-neutralising value of the volatile acids soluble in water ( 685 )^ 
process was modified and standardised by VVollney ( 760 )^ lolinske then 
attempted to introduce a correction by determining the alkali-neutralising 
value of the insoluble acids under somewhat different conditions from those 
adopted by Reichert and VVollney, and by making an allowance for the 
soluble acids which are probably associated with these in cocoa-nut fat. 

Rlifihfoldt attempts to solve the difficult problem of estimating the relative 
ind actual proportions of the soluble and insoluble volatile acids, which 
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are members of the same homologous series, by taking advantage of the 
difTeriug solubility of their silver salts in an aqueous solution of sodium nitrate. 

For the proec.ss a solution of caustic potash is prepared, of which KJO 
grams contain 50 gi-ams of KOH. 20 grams of the liltered fat are weighed 
accurately in a 300 c.c. Jena flask, and 8 c.c. of the potash solution and 25 c.c. 
of glycerol are introduced. This mixture is cautiously heated over a naked 
flame, with constant shaking, until saponification sets in, 
great care being taken to avoid overheating. 

'I'hc product, which should be straw-yellow in colour, is 
cooled and is then made up to 200 c.c. with hot distilled 
wat(‘r which has been boiled for some time to free it from 
carbon dioxide, 

50 c.c. of this soa|)-.solulion, corres])onding to 5 grams of 
the original fat, are measured int^ a 300 c.c. Jena flask, and 
50 c.c. of the hot boiled distilled water are added, followed 
by 50 c.c. of dilute sulphuric acid containing 25 c.c. of the 
strong acid in a litre, and 1 gram of coarsscly powdered 
pumice. 

The flask is now contu'ctcd by means of a perforated 
rubber stopper with the conden.sing apparatus shown in 
Fig. 13G taken from the Journal of the Society of Chemical 
Industry. 

fn this apparatus the top outlet-tube for the condenser 
water should be largcT than the inlet-tube, and a small glass Flo. 

{)late .should bo attached below the rubber stopper to 
pie vent the mixture in the flask from being carried over 
bv splashing. The receiver has a mark which represents a caiiacity for 
I (10 grains of water at 65° C. 

The distillation is started and is carried on at such a rate that the distillate 
tills the receiver to the mark in about 20 minutes. As ^on as the distillation 
is rinished, the flask and condemscr-jaeket are removed, and the side-tube 
is closed by a cork. A few drops of phenol-phthalcin solStion, and a kno^'U 
excess of from 5 to 10 c.c. of dccinormal caustic soda solution are now iird’O 
duced through the condenser-lube, which is then also closed with a cork. Jbe 
volatile acids are then completely di.ssolved in the alkali-solution by waiiniUp 
the apparatus on the water-bath with frequent shaking. 

The resulting solution of the sodium salts of the volatile acids is trann 
ferred to a 200 c.c. measuring-flask, and the condenser-tube is rinsed uut 
several times with warm water into the flask. The volatile r.cids arc tlun 
determined in the cooled liquid by difference by titrating the excess oKi 
with dccinormal sulphuric acid. 
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Tho insoluble silver salts are now prceipitated from this neutral liquid 
by adding decinormal silver nitrate solution about equal in amount to the 
docinormal alkali solution which was used, and 20 grams of pure sodium 
nitrate are added and dissolved by shaking the flask. The liquid is then made 
up to 200 C.C., is repeatedly shaken for about five minutes, and is filtered 
into a 175 c.c. measuring-flask. 

The excess of silver nitrate is now determined in the clear liquid volume! ri 
cally by adding a volume of decinormal sodium eiihtride solution, equivalent 
to seven-eighths of the volume of silver nitrate previously added, and deter- 
mining the excess of NaCl present by means of decinormal AgXO, solul ion. 
using five drops of saturated KoCr04 solution as indicator; and the ditTerenee 
between eight-sevenths of the number of c.c. of the sodium chloride solution 
required for the 175 c.c. and the volume of decinormal silver nitrate solution 
originally used, represents the number of c.c. equivalent to those fatty acids 
which have yielded insoluble silver salts. 

By subtracting this number from the number of c.c. of the decinormal alkali 
solution corresponding to the total volatile acids. th«' corresponding numher 
of c.c. equivalent to the acids which would yield soluble silver .salts is obtained. 

The calculation of the amounts of bntt»*r and of eocoa-nut or palm-kernel 
oil in a mixture is based by tho author on the following values ; 



i'll. 'll volatile 

Silver salts 


- acids 

Soluble 

Insoiubift 

1 

Butter 

o.) 

29 

3 

Cocoa-nut oil .... 

20 

4 

It) 

Palm-kernel oil ... . 

15 

3 

12 


Example of Results obtained from a margarine mixture m.ade from a known 
butter and contairvng 50 per cent, of the butter. 


N/10 alkali added to the vola'.ile acids. 

. 24 ‘7 c.c. 

N/10 H2SO4 required to ncutrali.'ic excess of alkali 

.^>■4 „ 


1 !I 3 

Deduction for blank experiment 

0-3 .. 

N/10 alkali required by total volatile acids . 

19-0 „ (A) 
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N/ 10 silver nitrate added to salts of volatile acids . . 20-0 o.o 

N/10 sodium chloride aclded to 175 c.c. of filtrate . . 17‘5 „ 

Excess of NaCl found in solution . . . . 6*8 „ 

N/10 sodium chloride required for excess of silver nitrate: 

10-7 X ? 12-3 „ 

Equivalent of silver salt precipitated .... 7*7 „ (H) 


Equivalent of volatile acids (A) . 

„ „ insoluhlo volatile acids (l>) 

„ „ soluble volatile acids 

And the butter used in the margarine mixture yielded by the same process : 

Equivalent of volatile acids 20'7 c.o. 

„ ,, insoluble volatile acids . . . , 41 „ 

p, „ soluble volatile acids . . , , 22 0 . 
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Note . — In the separations enumerated below, the name of the substance sepa- 
rated is only entered once ; thus in the separation of silver and lead, the separation 
is only found under the heading silver, and not under lead. 



Para g I'll ])h. 

Pngc. 

Alkali metals from other metals in solution . 

428, 420 

222 

Alkali metals from other metals in insoluble substances . 

4tis 

234 

Aluminium — copper 




,, —magnesium 




* —nickel 

1 : 510 

3 

„ —silver 



.. —tin 



.. — commercial . . .... 

1023 

545 

Ammonium from any other metal .... 

173, 014 

100, 297 

Antimony from arsenic 

493 

242 

„ — copper 

485, 48(1 

240 

M —lead, copper, zinc, iron . . . 

501, 502 

245 

.. —tin 

502, 503 

246 

Calcium— magnesium 

426, 427 

221 

C’ano-augar — glucose ....... 

698-703 

354 

Carbon in iron, free — combined 

525-532 

257 

Chloride — other substances 

149 

86 

Chromium — iron . ’ 

400, 1029 

207, 551 

Copper— all other metats 

408 

214 


1 218 

129 

M — certain metals 

• 

1405, 400 

212 

M —cadmium 

474, 475 

237 

II —lead 

(483-485 

239 


\ 493 

*>42 

" — lead, iron , 

498, 499 

244 

•* — lead— anflmony, tin 

500-503 

245 

1 . —lead — arsenic, antimony , , , . 

493 

242 

M —lead, zinc 

496-498 

243 

»t —nickel, zinc i 

607-609 

251 

•> —silver 

396, 397 

204 

»* — zino 

496, 497 

243 

* 

/ 666-672 

331 

miter, ato. 

1747. 748 

384 


[ 751 

386 
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Fatty acids in butter 
„ ill soap 
„ -resin . 

,, aolidile insoluble , 

( iasos from i)Tio another . 

( inld silver .... 

H a rd I u'ss , t e m pn ra ry — pe rm a n e n t 

Iron- aluminium . 


,, - calcium, magnesium 

,, — manga nose . 

,, phosphates — calcium and 

phosphate 

ferrous -ferric 
- -mangane.se, zinc . 

—nickel .... 
-nickel, aluminium, copper, arsenic 


Manganese- iron 
Molybdenum --iron . 

Phosphate by molybdate . 

Phospliorus— iron . 

Potassium — sodium 

.Sodium hydrate sodium carbonate 

Silica — lead sulphate 


Silicon— iron 

Silver- cop])er, a ntiraoryy .... 

„ - lead 

Sulphate other substances . . 

Sidphur — iron ...... 

.Stdphur— other Hubstaneos .... 

„ in coal, volatile and fixed . 

Tannin— non-tannin 

1’heino in tea— other constituents 

Tin— load, copper, iron, zinc .... 

Titanium— silica, iron, &c 

Tungsten — iron 

Vanadium — iron 

Zinc — nickel ....... 

„ — other metals ...... 

—silica, load, copper, cadmium, iron, manganese 


— 

- - 

P.iraKr.iph, 


(585- 08 8 

;i4i 

721,720 i 

372, :!7 1 

727,730 1 

375, 37s 

701 , 703 

(jur. ‘v>7 

871-8:S5 

45(1 

.57 8 -.582 

287 

(527-0:1:5 

312 

f42 1, 4.3(5 

2::(),225 

\ 1025 

5411 

( 423, 420 

220,221 

( 427 

222 

435, 1.38 

224, 2211 

.5(5] 

280 

.308, .32:1 

108,175 

4:15 

224 

.508, .500 

251 

.541 -.544 

200 

(407 400 

244 

(.508,. 500 

251 

( 135,438 

224, 220 

\ 1028 

55 1 

1031 

553 

(442,510 

226, 255 

t 1020 

550 

538, 530 

205 

428, 420 

0.^0 

411 

214 

473 

230 

(210,211 

125 


457 

i4()2-4t)4 2:12 

5:1(1 2(1 1 

4S4-4Sr) 2 lit 

f48.'l,4H4 2 : 1:1 

'( .5(7.5-577 -Si; 

133 7!) 

.534, 5.35 21;:! 

470 238 

540-552 2tl!t 

711,713 3(54,3' 

707 35!) 

600-503 245 

623. 1024 250, 51 
1030 

1032 554 

600 
404 

473-478 230 
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j^BSOLUTE alcohol, percentage by density 
,, volume .... 

„ weight .... 
Absorption reagents for gas analysis 
„ tubes, preparation of . 
Accelerated filtration .... 
Acetanilide, combustion of . 

Acetyl value of oils and fats . , 

Acid value of oils and fata . 

Adam’s method for estimating milk- fat . 
Agreement of measuring- vessels . 

Air, analysis of . 

estimation of carbon dioxide in 
.. percen tag ' of oxygon in. 

M specific gravity of ... 

weight of 1 C.C., and volume of 1 gram 
Air-bath for evaporation 
•• for heating sealed tubes . 

Air oven for drying .... 
Albuminoid ammonia in water 
Alcohol in beer and wine, estimation of . 
tables from specific gravity 
M use of, for gas analysis 
Alkali-metals, estimation in limestone . 

„ silicates 

It „ soap . 

„ separation of . 

Alleys, aluminium .... 

*• tin-antimony* .... 
Alum, purification of . 

Aluminium alloys, analysis of 
bronze, ,. 

M commercial, analysis of 

•< estimation of . . . 

>• in iron and steel 

M separation from iron . 

Ammonia, albuminoid, estimation of, in watc 
cylinder .... 
distillation- flask . 
gasometric estimation of 


PAC.R 

510,511 
. 1.35 

4 

. 455 

. 107 

. 47-52 
41.5, 41.3 
308, 519-523 
388, 519-52.3 
. 333 

. 144 

457,470 
. 476 

. ,527 

. 527 

. .527 

41 

. 427 

3.3 

. .300, 327 

. 349 

510,511 
, . 455 

222 
. 234 

.374, 377 
. 223 

. , 2i>3 

. 245 

67 

253, 545 
. 253 

. . 545 

78, 220 
. 267 

220. 225. 267 
300, 327, 497 
, 297 

297 

4.58. 468. 472 
.36. 
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Ammonia, indirect estimation of . 

„ in water, estimation of, and results 
„ solution, strength from the gravity 
Ammonium salts, estimation of, in water 
„ „ estimation of . 

„ molybdate solution, pniparation of 
Analyses, results of .... . 

Anthracite * . 

Antifriction metal, analysis of, and results 

Anti-logarithm tables 

Antimony, gravimetric estimation of 
„ separation of, from tin 

„ volumetric estimation of 

Antimony-tin alloys, analysis of . 

Apparatus for bench, list of . 

„ for distilling water 

„ for preparation of gases 

„ general list of . 

Appendix 

Aqueous vapour, pressure of. 

Argand-Wallace burner .... 
Arsenate, estimation of .... 
Arsenic, gravimetric estimation of 

„ in iron and stool, estimation and results 
„ ore, valuation of ... . 

„ volumetric estimation of . 

Arsenious oxide, purification of . . . 

Arsenite, standard solution of . . . 

Asbestos filter 

Ash, determination of, in filter 
„ estimation of, in coal or coke. 

„ „ „ milk, in butter 

„ „ „ organic substances 

„ „ „ sugar, in tea. 

Aspirator, water 

Assay, dry, for gold 

„ „ load ..... 

„ „ silver 

M » tin 

Atomic weights, table of ... . 

Available chlorine, estimation of . 


205 , 207 , 320 , 497 
. 517 


101 , 171 , 


gALANCE, accuracy of 
„ adjustment of 

„ description of 

„ sensitiveness of 

„ testing of . 

Barium, estimation of . 
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Barium, indirect estimation ol 
Basic slag, analysis of, and results 
Bauxite, analysis of . 

Beer, partial analysis of . . . 

Benzene vapour, determination of density 
„ „ estimation of, in coal gas 

Bismuth, estimation of. 

Black Jack, analysis of ... 
Black oxide of iron, analysis of 
Blast-furnace gas, analysis of, and results 
Bleaching- powder, description of . 

„ gasometric estimation of 

,, volumetric estimation of 

Blende, analysis of, and results 
Bliohfeldt’s method for foreign fats in butter 
Boat for combustion .... 
Boiling-point, molecular weight by 

„ of liquid, determination of 
Bomb-calorimeter .... 

^ Bone-meal, analysis of, and results 
Books of reference .... 
Borate, estimation of . . . . 

Borio acid, estimation of . . . 

Bottle, speciQo gravity. ... 
Brass, analysis of, and results 
Bromate, volumetric estimation of 
Bromide, estimation of. 

Bromine in organic substances, estimation of 
„ ‘ in solution, volumetric estimation of 
M water for gas analysis 

Bronze, analysis of, and results 
Bronze, aluminium, analysis of 
Brown hasmatite, analysis of, and results 
Brown’s condenser ^ . 

Bunsen valve ..... 
Burette, description and calibration of . 
ft use of weight .... 

Burner, Argand 

.. Teclu 

Burnt lime, analysis of, and results 
Butter, analysis of, and results 
•> fat, estimation of 

» „ preparation of 

M flask, description of 
n foreign fats in . 

preservative . 

# rancidity. . 


PAOB 
1.57, 176 
282, 496 
. 548 

. 348 

. 485 

458, 463 
92 

. 230 

. 2.54 

458, 461, 490 
161 
473 
162, 171, 187 
236, 492 
. 5.52 

269, 406 
. 435 

. 22 25 
. 276 

2S2, 496 
. 542 

. 128 
. 128 
15 

243.493 
. 190 
88, 194 

424, 426 
. 187 

. 455 

245.493 
. 253 
254, 494 

32 

. 165 

141, 142 
. 157 

57 
59 

218, 490 
339, 498 

340 
342 
345 

341 
340 
348 
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PAOE 


IJADMIUM, estimation o! 



115, 1.31, 237 

Caffeine, determination of molecular weight 



. 432 

Calamine, analysis of . 



. 23G 

Calcium carbonate, pure, preparation of 



07 

„ chloride tube, preparation of . 



105, 40(i 

„ estimation of . 



84 

„ indirect estimation of ... . 



157, 176 

„ phosphate, titration of ... . 



. 201 

Calculation, by factors and logarithms . 



72 

,, examples of gravimetric 



38, 60, 64, 71 

„ of normal gas- volume. 



. 112 

„ of results of analysis .... 



72 

„ of results of calibration 



. 143 

„ of vapour density .... 



. 484, 486 

Calibration of burettes 



. . 142 

,, cylinders , . . . . 



. . 144 

„ flasks ...... 



. . 137 

„ gas-tubes, by mercury and by water . 



. 441,448 

„ Hempel burette .... 



. . 448 

„ Lunge nitrometer .... 



, . 447 

„ measuring vessels .... 



. 136 

„ pipettes 



. 139 

Calorific power of fuel, estimation of, and results . 



271 270. 495 

Calorimeters, description and use of . . . 



271 279 

Canal- water, gases dissolved in . 



. . 500 

Cane-sugar, estimation of 



, 3'>4, 358 

Capillary combustion-tube, for Hcmpcl apparatus . 



. . 459 

Carbon and hydrogen in organic substance, estimation 

of. 


403-413 

Carbon dioxide, estimation of, and results 

103-111,457 

, 472, 400, 500 

„ „ in air, estimation of, and results 



476, 480 

„ „ preparation o£ . . 



. 534 

Carbon in iron and steel, estimation of, and results . 



257-263, 494 

Carbon monoxide, estimation of, and results . 


.455 

457, 464, 499 

Carbonate, gasometric estimation of . , . 



. 472 

„ gravimetric estimation of . , . 



. 103 HI 

„ of load, dry assay of . 



. 

Carius’ method for halogens in organic substances . 



. 426 

Cassiteritc, assay of ..... , 



289 

Cast-iron, analysis of, and results .... 
Cathetometer, the 



257. 494 
446 

Cements, analysis of, and results .... 



230, 401 

Cement-mortars, analysis of 



. 230 

Centigrade scale, conversion of ... . 



' . 524 

Centinormal solution, definition of. 



! . H8 

CbaraoteristicB of oils, fats and waxes . 



518-523 

Chemical reagents, list of 



540 

Chemicals for analysis, list of ... , 



! . j 541 

Chloral hydrate, estimation of chlorine in 



425, 426 

Chlorate, gravimetric estimation of , , , 



. 89 
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Chlorate, volumetric estimation of 
Chloride, gravimetric estimation of 

,, in water, estimation of, and results 
„ volumetric estimation of. 

Chlorine gas, estimation of . 

„ in bieacliing-powder, estimation of 

„ in organic substanec, estimation of 

„ in solution, estimation of 

Chromate, gravimetric estimation of 
,, volumetric estimation of 
Chrome iron ore, valuation of 
Chromed hide-powder, preparation of 
Chromic anhydride, preparation of 
(.'hromium, estimation of, and in steel 
C.innabar, valuat'on of . 

Clark’s soap-test for hardness 
,, softening proeeas 
„ table of hardnc.ss 
Clay iron-stone, analy.sis of, and re 
, Coal, analysis of, and results. 

,, moisture and air-drie<l 
Coal-gas, analysis of, and re.sults 
Cohalt, estimation of . 

Co.hineal solution, preparation of 
Cuelllcient of expansion of gas 
Coke, analysis of 
„ estimation of, in coal, and re 
Collection of gas-sample 

,, water-sample . 

Combined carbon in iron and steel 
Combustion-furnace 
Combustion of solid substance.s 

„ ,, containing nitrogem 

,, ^ ,, ,, halogens 

„ volatile ]i(iuids 

„ „ solids 

Compressed gases, use of 
Condensers, forms of , 

Cones for filtering 
Contents . . . , 

Conversion of thormometric scale 
>• weights anrl measure. 

Copper, colorimetric estimation of 
electrolytic estimation of . 
gravimetric e.stitnation of . 
in iron and steel, estimation and 
in silver alloy, estimation of 
in water, estimation of 
volumetric estimation of . 


.Its 


estimation 


residts 


of, and re; 


102 


458. 


l’\OB 

190 
86 

.103. 327, 497 
194, 197 
189, 458 
171, 187, 473 
424, 420 
. 180 
79 

. 189 

. 207 

. 303 

. 258 

1 8, 5-5 1 
. 209 

. 311 

. 328 

. 314 

224, 254, 491 
208, 495 
551, 552 
460, 402, 499 
70. 130 
. 140 

443, 527 
. 208 
208, 495 
. 450 

. 292 

200. 404 
405. 544 
41C 419, 420 
414, 419 
. 424 

. 412 

. 412 

. 534 

334, 350, 536 
. 50, 52 
ix-xxiv 
. 524 

.72,526 
. 317 

. 129 

74, 214, 237 
266, 494 
204, 205 
. 317 

190, 197, 212, 213 


403. 
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Coppor-ore, valuation of 212-214 

Copper oxide for organie cornbtiation ....... 400 

Copper- pyrites, analysis of, and results 211, 403 

Copper sulphate, pumice 100 

„ „ purification of . . . . . . . .60 

Copper-zinc coup’e, for nitrate ........ 307 

Coprolites, analysis of, and results . ...... 282,405 

Correction for meniscus . .410 

„ of gas-volume for pressure, temperature and moisture . . 442 

Cribb’s condenser 537 

Crucible, Gooch’s perforated ........ 50 

„ Rose’s 56 

Crum’s method of estimating nitrate and nitrite 300 

C'ry«talli.'<ation of double salts 66 

„ of simple salts 65 

process of ......... 65 

Cupel, preparation of 286 

Cupellation, process of 286 

Cupric ammonium chloride solution, preparation of . . . .67,259 

Cuprous chloride solution, preparation of, for gas-analysis . . . 455 ^ 

Curd in butter, estimation and results 339, 498 

Cyanide, gravimetric estimation of . . . ... 90 

volumetric estimation of 194 

Cylinders for measuring 143 


nECANTA'nON, process of 

. 



. 44 

Decimal weights and measures, and conversion of 



. 72, 524-526 

Dccinormal solution, definition of . 




. * 148 

Delivering liquid .... 




. 136 

„ vessels, description of . • 




. 138 

Density, see Specific Gravity 

Desiccation, process of ... 





Desiccator, description of . , . 




34 

Dichromate, solution of potassium 




, 164 

Diffusion-tube for organic combustion . 




. 405 

Digester for heating sealed tubes . 



• 

. . 427 

Direct weighing 




7 

Dissolved gases, estimation and analysis of 




. 468 

„ „ in water, estimation and results of . 



408, 499, 500 

„ solids in water 




294, 326 

Distillation of water, apparatus for 




30, 534 

Distilled water, free from organic matter 




6.36 

Dolomite, analysis of, and results . 




. 218,490 

Double salts, preparation of . 




. . 

Dry assay of galena .... 




. 284 

ti gold-quartz 




. 28^ 

„ „ load oxide and carbonate . 




. . 285 

„ „ lead for silver , 




286 
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Dry assay of tin-oro 

. . 28W 

Drying above steam-heat 

33 

„ at constant tomperaturo ...... 

. 544 

„ at ordinary tcraperatnre 

. 29, 34 

,y at steam-heat ........ 

29 

„ in vacuo 

35 

„ ovens 

. 29 33,544 

„ precipitates 

52 

„ substances . 

28 

Dumas’ process for estimation of nitrogen .... 

. 419 

„ vapour density process 

. 4S4 

J^GGERTZ’S estimation of carbon in steel .... 
Electrolytic estimation of cadmium .... 

. 260 

. 131 

„ „ cohalt 

. 131 

,, „ copper 

. 129 

„ „ nickel 

. 130 

English weights and measure.^, and conversion t)f . 

. 72, 524-526 

Entry, examples of . . 38, CO, G4, 71, 300, 401, 402, 

410, 460, 479, 487 

, of weighing 

9 

Equivalent decimal and English measures .... 

. 72, 524-526 

„ solutions, definition of 

. 118 

Erdmann’s float for burette 

. 112 

Error of meniscus 

. 446 

Estimations, gravimetric 

73 

Ether, vapour density, determination of 

. 482 

Ethylene, estimation of, and results 

. 458, 499 

Evaporation above steam-heat ...... 

40 

„• at steam-heat 

. 39 

Examples of entry in Note-book, see Entry, examples of 
Expansion of water, table of 

. 504 

P ACTORS for gravimetric analysis, table of . 

. .502 

„ Ldwaythars procc.ss ..... 

. 370 

„ normal gas-volumo, table of . 

155 

. 506 

„ normal solutions 

„ use of 

72 

Fahrenheit scale, conversion of 

. 5)24 

Pat in butter, estimation of 

. 340 

„ milk, calculation of 

. . 336 

„ „ estimation of, and 

.331-336,497 

Fats, oils and waxes, constitution and examination of 

380 

„ „ table of characteristics . . • ■ 

. . 518-522 

Fatty acids in soap, estimation of, and results 

;)72, 374, 378, 498 

Fehling-solution, preparation of 

* • 3o5 

232, 492 
. . 77 

. 168, 175 

Felspar, analysis of, and results 

Ferfio salts, gravimetric estimation of 

M H Tolumotrio estimation of . . - * ’ 
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Ferrous ammonium sulphate, preparation of ..117 

„ salts, estimation of 77 , lOeS, 17.5 

„ sulphate solution for gas analy.sw 455 

Filter- ash, determination of 55 

Filter-fla k ... i ........ 49 

Filtsr-purnp, use of 47 

Filtration, accelerated . . . . . . . , . . 47 5 'J 

„ process of .......... 44 

Flasks for measuring i ;}7 

Fletcher burner ........... 59 

Float, Erdmann’s 142 

Fluoride, estimation of . ......... 127 

Food analysis 3.30 

Foreign fats in butter, detection and estimation of 341 

„ substances in oils and fats 384 

Formaldehyde, estimation of 185 

Forschammer oxygen process for water . ..... 301,327 

Frankland’s water-analysis method 291 

Free alkali in soap, estimation of ... , . . 372, 374 

„ carbon in iron, estimation of 2()3 

„ fat in soap, estimation of 37 ? 

French weights and measures, tables of .525 

Funnel-jacket for boiling water G5 

Furnace- gas, analysis of . 457,409 

Fused silica vessels .... 66 


Q. A LENA, analysis of, and results 

„ dry assay of ... . 

Garnet, analysis of .... . 

Gas analysis 

,, by the Hempel aj)paratu^ 

,, by the Lunge nitrometer . 

Gas, coefticient of expansion of . , . 

„ from blast furnace .... 
Gases dissolved in water, estimation and result: 
Ceissler pump for filtration .... 
General rules for working .... 
Generator gas, analysis of . 

German-silver, analysis of, and result . 

Glass, analysis of, and results 

Glucose, estimation of 

Glycerine in soap, estimation of . , 

Gold-ore, assay of 

Gooch’s perforated cone and crucible 
Graduated vessels, description of . 

Graphite, estimation of, in iron, and re.sults . 
Gravimetric estimations .... 
Gravity, original, in beer, estimation of . 


230, 402 
* 284 

. 232 

. 440 

450 464 
405-473 
443, 527 
. 499 

468, 499, 500 
. 49 

69 

458. 461 
251. 1'.' I 
235, 492 
. 356 

. 378 

. 287 

50 

135 144 
26(^ 494 
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Creystcnc limo, analysis of, and results 230,490 

(luano, analysis of, and nssults 283,490 

Guard- tube for organic combustion ....... 410 


n.-EMATlTE ORE, analysis of, and results . 

Halogens in organic substances, ostirnation of 
Hardness in water, estimation of, and residts . 

,, table of ..... 

Hchne ’s estimation of hardness . 

„ method, foreign fats in butter 
Hehner value in fats and oils 
Hem pel’s gas-apparatus, applications of 
,, ,, description of . 

Hide-powder, estimation of tannin by . 

Hot-air bath 

„ oven for drying . ... 

Hot-plate, for evaporation .... 
Hydrochloric acid, normal solution of . 

„ „ percentage in solution, by gravity 

Hydrogen, gasometric estimation of, and results 
,, preparation of ... • 

„ specific gravity of . . . 

„ weight of 1 C.C., and volume of 1 gram 
Hydrogen chloride gas, estimation of 
,, „ „ preparation of . 

Hydrogen peroxide, gasometric estimation of 
„ „ in solution „ . 

Hydrogen sulphide, gasometric estimation of . 

„ „ gravimetric estimation of 

„ „ preparation of 

,, „ volumetric c.stimation of . 

Hydrometer, description of . 

Hyposulphite, gravimetric estimation of 
„ standarjl solution of 
„ volumetric estimation of 


254, 494 
. 424 

310, 328, 497 
. 314 

. 314 

. 344 

395, 518-520 
450, 459 
450 
. 304 

41 
33 
41 

. 150 

. 514 

459, 499 
. 534 

527 
. 527 

458, 408 
. 634 

. 473 

177 
458, 468 
. 203 

. 534 

. 183 

18 
84 

. 179 

. 185 


plNlTION at high temperatures . 

of precipitate, vessels for 
„ „ with filler 

„ of precipitates . . . • 

„ „ apart from filter 

„ „ in oxygen or hydrogen 

process of 

Incineration of filter, processes for 
Indicators, description of ... • 

Indigp-carmino, in tannin estimation 
Invert sugar, estimation of . 
lodate, estimation of 


59 

51,55 

59 

55 
61-64 

56 
55 


144 

367 

356 

190 
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lodato, standard solution of 
Iodide, estimation of . 

Iodine in organio substance, estimation of 
purilication of . 
solution for gas analysis 
standard solution, preparation of 
value in fats and oils 
Iron, analysis of, and results 

colorimetric estimation of, in water 
gravimetric estimation of 
reduction of, to ferrous state 
Iron, separation from aluminium . 

„ „ manganese . 

solution, reduction by ammonium bisulphite 
„ stannous chloride 

,, If • 

volumetric estimation of . • • 

»» * 
Iron-ores, analysis of, and results . 

, valuation of . • • • 

1 ron-slags, analysis of 


4<J4, 
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. 178 

80. 104 
424, 426 
68 

. 455 

. 179 

301, 518-523 
257, 547, 550, 551 
. 320 

77,225 
168, 169 
220, 225, 267 
. 225 

. 169 

, 169 

. 168 
168, 175 
170, 206 
224, 254, 401, 494 
170, 206, 207 
. 2:fo 


T/IPP’S gas-apparatus . • 

Kjeldahl’s estimation of nitrogen * 
Koettstorfer method for foreign fats in butter 
value for fats and oils 


. 533 

. 417 

. 346 

389, 518, 520, 522 


I ACTOSE in milk . . . • • 

Ijawrenco Smith’s estimation of alkali-metals 
Lead, action of, upon water . . - • 

„ carbonate, dry assay of.-- 

dry assay of, for silv'T 

„ estimation of 

„ in water 

indirect estimation of . . . • 

„ ores, dry assay of . . • 

„ oxide, dry assay of . . • • 

Lias lime, analysis of 

Lime, analysis of, and results 
Limestone, analysis of, and results 
Liquid, boiling-point determination of . 

„ measurement of . • • * 

„ organic substance, combustion of 
specific gravity of . • 

Litmus-paper, preparation of . • • 

Litmus solution, preparation of . . • 

Logarithms, tables of . • » 


. 497 

. 234 

. 318 

. 286 
286 
91 
318 

1'7 

284 

285 
230, 490 

218, 230, 490 
218,490 
22 
135 
412 
. 14' 19 
146 
*145 
628 
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Logarithms, use of . . • 

Lowonthal’s estimation of tannin . 
Lunge nitrometer, description and use of 


PAGB 

72 

. 365 

465, 471-473 


MAGNESIA mixture, preparation of . . 

Magnesian limestone, analysis of, and results 
Magnesium, estimation of . 

phosphate, titration of 
potassium sulphate, preparation of 
Magnetic iron-ore, analysis of . • * ■ 

Manganese dioxide, estimation of . 

estimation of . • • ■ 

estimation in iron and steel, and results 
ore, acid necessary for decomposition of 
,, valuation of 
„ spar, analysis of . 

Mansfeld method for copper estimation 
Manures, analysis of . 

Margarine, analysis of, and results. 

Maumen6 reaction in fats and oils 
Moan molecular weight in fata and oils 
Measurement of liquid 


„ gas 

. 143 

Measuring cylinders 

! . .137 

,, flasks 

. 444 

„ tubes for gas, calibration of . • • 

♦ 144 

„ vessels, agreement of . 

’ . . 26 

Mecbaniotil preparation of solids . . • • ■ 

’ . . 59 

Mekor burner 

380. 518-523 

Melting-point of fats, oils and waxes . • • 

. 19-22 

solids, determination of - • • 

. 527 

Memoranda, useful 

.446 

Meniscus, error of . . . * ’ 

. 121 

Mercury, estimation of .••••’ 

. 527 

„ weight of 1 

. ‘309 

Mercury-ore, valuation of . • • • • ' 

317, 329 

Metals in water, estimation of . • • ' ’ 

. 304 

Metaphc’nylene-diamino, solution of . • • • 

401, 402, 499 

Methane, estimation of, and results . • • ’ 

• 147 

Methyl-orange solution, preparation and use of 

. 72, 524-526 

Metric system, and conversion of . ♦ . - • 

. 481 

Meyer’s vapour density method . • • • 

. 232 

Mica, analysis of 

330, 497 

Milk, analysis of, and results . • • • ' 

399. 401 

Mineral oil in fats and oils 

. 282 

,f c phosphate, analysis of . • • * ’ 

. 443 

Mqisture in gaa, correction for 

. 28 

„ removal of, from solids . • • * 



206, 


218, 490 
94, 222 
. 201 
06 

. 254 

180. 187, 216, 218, 473 
93, 226, 227 
494, 550, 551 
218 
216,473 
227 

. 212 
279-283 
339,498 
519, 521, 523 
519, 521,523 
. 135 

, 440 
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Hoifcular solution, {Iciinition of . • • • * 

wi'ight of an organic acid and base, determination o 
„ by l)oiling-j)o'nt . • • • • 

„ Dumas’ me 

,, M('yer’s method . . . • • 

„ Raoul t’s method, freezing-point . 
Molybdate solutimi, prt paration of . 

Molylxlonuui, estimation in steel . • • ■ 

Mortar, analysis (d and results - • • • • 

,, steel percussion 


VAKAMURA’S estimation of sulphur in coal 
Nessler solution, preparation of . 

Neutralisation value in fats and oils 
Nickel, estimation of . . . . • 

,, in iron and steel . . . • • 

silver, analysis of, and re.sults . 

„ vessels, cleaning of .... 

Nitrate, estimation as ammonia by copper-zinc couple 
,, colorimetrically as [ticrate 
„ gasometric estimation of 
„ gravimotrio estimation of 

in water, estimation of, and results . 

Nitric acid for gas analysis . . . . ^ 

„ table of percentage by gravity of solutio 
Nitric oxide, estimation of . . . • 

Nitrite in water, estimation of, and results 
Nitrogen as nitrite and nitrate in water, estimation 
gas, estimation of . 

,, in an organic substance, determination of 

„ in superphosphate .... 

oxiilcs in nitrous vitriol . 

„ pero.viile, estimation of . 

,, weight of I 

Nitrometer, dc.scription and use of 
Nitrous oxide, estimation of . 

,, vitriol, o.xaniination of . . • 

Normal hydrochloric acid solution, preparation of 
„ sodium carbonate solution „ 

„ hydrate solution 

„ solution, definition of . . • 

„ sulphuric acid, preparation of . 

„ volume of gases, calculation of . 

„ factors for calculation of 
Note book, entry in 


21)0 

396, 519, 521, 52:1 
75, 130, 252, 200 
. 200 
251,41)4 
• 00 
. 307 

. 309* 

300.408 
. 124 

305. 32S. 407 
. 455 

. 515 

. 458 

304. 327. 497 
305 310 
457. 403 
413 424 
281 
400 


148 

153 

442-444 

506 

8 , 6 ) 5 , (> 4 , 71 . 
460, 479/4^^ 
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QILvS, fats and waxes, characteristics of , . . 

PAGE 

r)lK M.'l 

>. » „ oxatnination of . 

;iS0 402 

» ». M relative value tabulaleil 

400 

Olefines, estimation of, and results .... 

4.58, 409 

Orange III. solution, preparation of .... 

147 

Organic analysis 

. 403 

,, combustion, for carbon and hydrogen 

403 

.. „ „ halogens . . . . , 

. 424 

.. ,. „ nitrogen .... 

414.419 

halogens by Cariu.s’ method .... 

. 420 

.. matter in water, estimation of . 

301,-327 

nitrogen by Kjeldahl method .... 

. 417 

sulphur and pho.sphorus 

. 429 

Original gravity of beer, determination of 

. .351 

Oven, for constant temperature ..... 

. 28-33. .544 

„ hot-air, for drying ...... 

33 

„ steam, for drying 

. 29 33 

Oxalate, gasometrio e.stimation of 

. 472 

„ gravimetric estimation of .... 

80,111 

. ^ „ volumetric estimation of .... 

. 175 

Oxide of load, dry assay of ..... 

. 285 

Oxygen, average percentage in air .... 

. 527 

dissolved in water, e.stitnatioa of, and rc.sults . 

. 321.408, 499,500 

estimation of 

457, 404 

1 , process, for organic matter in water, and results 

. 301,327,497 


pALIiADINISED asbestos, preparation of . 

. 459 

Pallafliura tube 

. 459 

Parting for gold, in dry a.ssay 

. 288 

Percussion mortar 

27 

Permanent hardness in water, estimation of, and results . 

313,315,328,497 

Permanganate of pota.ssium standard solution 

. 172 

„ proco.ss for estimating tannin .... 

, 305 

M „ for estimating organic matter iu water . 

. 301,327 

Permanganate.^, e.stimation of 

173, 174, 473 

Peruvian guano, anafysis of, and ro.sult9 

283, 496 

Pettenkofer’s estimation of carbon dioxide in air, and results . 

476, 479 

Pewter, analysis of . 

. 245 

Phenol- phthalein, use of • 

. 147 

Phosphate, estimation of, in iron-ore, and results . 

226, 491, 494 

.1 gravimetric estimation of, as pyrophosphate . 

. 96 

n „ „ „ phosphomolybdatf 

. 2G5 

,i mineral, analysis of, and results .... 

. 282, 495 

1 ) volumetric estimation of 

. 200 

Phosphorus, estimation of, in iron and steel, and result . 

205, 494, 550 

• in organic sub9tanco.s, estimation of . 

. 429 

Piprate method for estimating nitrate 

. 309 

pipettes, calibration of 

. 139 
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Pipettes, description and use of 
„ liempol 
Platinum cone for filter 

,, vessels, cleaning of 
Poisonous metals in water, detcclion and estimation 
Portland cement, analysis of, and results 
Potash- bulbs for organic combustion 
Potash -equivalent in fats and oils . 

„ percentage liy gravity of aolution . 

„ solution for gas analysis 
Potassium dichromate aolution, standard 
„ „ titration of 

estimation of . . . 

hydrate solution for gas analysis 
hydrate, percentage by gravity of solution 
iodato, standard solution 
iodide and thiosulphate, estimations by 
nitrate, estimation of . 
permanganate, estimation of . 

„ solution, standard . 

„ „ for gas analysis 

separation from sodium . 

Powdering solid, process of . 

Precipitates, drying of 

filtration of . . • ♦ 

ignition of ... • 

„ apart from filter . 

„ in oxygen or hydrogen . 

,, with filter 

washing of 

Precipitation, precautions for 
,, process of . 

Preparation of double salts . 

„ gases 

„ pure chemicals by precipitation 
„ sublimation 

,, „ salts by crystallisation 

„ solids for analysis 

Preservatives in butter 
„ „ milk . 

Pressure on gas, correction for 
Procter extractor . 

Proof spirit, percentage of, from specific gravity 
Proteins in milk, estimation of, and results 
Pure chemicals, by crystallisation . 

„ precipitation . 

„ sublimation 

Pyrites, analysis of, and results 
Pyrogallate solution for gas analysis 
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. . 139 

, 451 

50 

50 

317, 329 
18,230,491 
. 407 

)7, 519-523 
. - 510, 

. 454 

. 104 

101-167 
98, 100 

454 
510 
178 
180 
408 

4. 473 
72 1«4' 

455 
223 • 

20 
52-55 
44-52 
55-04 
01 04 
56 
59 
45,61 
46 
42 
66 
632 

67 

68 
65 
26 

310 
338 
412 
300 
oil 
337, 497 
05 
67 
*08 
2II,4»3 
454 
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QUICK-LIME, analysis of, and results 

PAOI 

. . . . 218,496 

J|AIN-WATER, gases dissolved in 

60t 

Rancidity in butter, o.stimation of . 

348 

Raoult’s method, for molecular weigh t.s . 

432 

Reading volume of a liquid .... 

.... 136 

Reagents for ga.s analysis .... 

454 

„ list of 

540 

Recrystallisation for purifying salts 

05 

Red haematite, analysis of, and results . 

254, 494 

Reference books for general analysi.s 

542, .543 

„ tables „ • • 

488 

Reichert value of fats and oils 

393, .518 523 

Reichert’s method for foreign fats in butter . 

. 3 a, 518, 520, .522 

Rcichcrt-Moissl method, and results 

.313.498,518 :22 

Reichert- Wollney method .... 

393 

Relative density, see Specific Gravity 

Remarks on results of water analysis 

.326 

Resin acids in soap 

375 

• „ in soap, estimation of, and ro.sult.s 

375, 378, 498 

Results of typical analyses .... 

490-.500 

Rider, use of 

4 

Rose's crucible, do,scription of . . . 
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Rules for working 
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Russell and West’s urea apparatus 
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gALT-CAKE, analysis of, and results 
Salt in boor, estimation of 
Sample for gas analysis, collection of 

„ water analysis, collection of 
Sampling of fiolicl for analysis 
Sand-bath ..... 

Saponification value of fats and oils, and in butter 
Schrbtter’s apj)aratu.s for carbon dioxide 
Somi-molccular solfition, definition of 
Bcmi-normal solution, definition of 
SeparrftionS, index of . 

Silica, estimation of . . . 

, „ fused, vessels of 
Silicate, decomposable by acids . 

„ estimation of 
„ insoluble, estimation of 
Silicon, e.stimation of, in iron, and results 
Silver alloy, analysis of . • 
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t« „ ‘ in galena 
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Silver gravimetric estimation 

,, volvmietric estimation of . . . 

Slags, analysis of, and resulta 
Soap, complete analysis of . 

„ partial analysis of ... . 

„ results of analysis of .... 

,, solution, preparation of . . . 

Soda solution, gravity of ... . 

Soda-ash, valuation of 

Soda-lime combustion for halogens 
,, nitrogen 

,, tubes, preparation of, for absorption 
Sodium carbonate, estimation of . 

.. „ „ in water 

,, „ normal solution of . 

,, chloride, pure, preparation of 
estimation of, as sulphate . 
hydrate, estimation of . . . 

,, „ normal solution of 

,, ,, percentage in solution, by gravity 

.. nitrate, estimation of . . . 

peroxide, use of 
,, separation from potassium 
,, thiosulphate, standard solution . 

Softening hard water, Clark’s methort . 

Solder, analysis of 

Solids, melting-point, determination of . 

,, not fat in milk 

„ powdering of 

„ solubility, determination of. 

,, solution of 

„ specific gravity, determination of 
Solubility of solids, determination of 
Solution of solids, process of. 

Soxhlet condenser 

„ extractor, description of . 

Spathic iron-ore, analysis of, and results 
Specific gravity, conversion to Twadtlcll degree 
„ ,, definition of . . . 

Specific gravity bottle 

Specific gravity of air 

„ „ fats, oils and waxes . 

„ ,, heavy solids, determination 

„ hydrogen 

„ light solids, determination ol 

„ „ liquids, „ „ 

„ „ milk, „ 

,1 M powders, 

, .. soluble Bolidbi 
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Spirits, estimation of alcohol in 

Spirit-indication, table of, for beer, .... 

Sprengcl specific gravity tube 

Standard solutions, correction by factors 

„ „ description of 

„ „ storage and preservation of 

Stannous chloridb, volumetric estimation of .* 

Starch solution, preparation of 

Stead’s estimation of combined carbon in iron, and results 

Steam-bath for evaporation 

Steam- oven, simple 

Steam-ovens and water-still combined .... 

Steel, analysis of, and results 

Steel mortar 

Still for distilling water 

„ estimating alcohol in beer 

Stone-lime, analysis of, and results .... 

Storage of standard solutions 

Strontium, gravimetric estimation of ... . 

,, indirect estimation of .... 

' Sublimation of arsenic ....... 

„ iodine 

Substances for analysis, list of 

Succinic acid, determination of molecular weight . 

Sugar, analysis of 

„ combustion of 

„ estimatfoD of 

Sulphate, estimation of . . • . . 

„ insoluble, estimation of 

Sulphi(ie, estimation of 

Sulphite, estimation of 

Sulphur dioxide, estimation of 

,, in coal and ash, estimation of, and results . 

„ in iron and steel, estimation of, and results 

„ in oil, estimation of 

„ in organic substances, estimation of . 

„ in sulphiiles, estimation of .... 
„ volatile, in coke, estimation of . 

Sulphpret^d hydrogen, estimation of . 

„ „ preparation of . 

Sulphuric acid for gas analysis 

„ „ normal solution of 

„ „ table of gravity 

Sulphurous acid, estimation of 

Superphosphate, analysis of, and results. • * • 

Suspended m^ter in water, estimation and examination of 
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^ ANNIN, estimation of . . . 

Tanning materials, extraction and valuation of 
Tartar emetic, purification of 

Tea, analysis of 

Teclu burner 

Temperature of gas, correction for^ 

Temporary hardness in water, estimation of, and results 
Tension of aqueous vapour, table of 
Theine in tea, estimation of , 

Thermoraetrio scales, conversion of . 

T'hiocyanate method for copper 
Thiosulphate, gravimetric estimation of . 

„ preparation of standard solution 

„ volumetric estimation of . 

Thomas’ slag, analysis of, and results . 

Thompson’s calorimeter . . , 

Thomson’s calorimeter , , 

Thorpe’s alcohol still .... 

Tin-antimony alloys, analysis of, and results 
'I’in, gravimetric estimation of 
„ volumetric estimation of 
Tin-ore, dry assay of . 

Titanium, in iron-ore, estimation of 
Tobacco-pipe for crucible 
Total acid in vinegar, estimation of 
„ carbon in iron and steel, estimation of, and results 
„ hardness in water, estimation of, and results 
„ solids in water, estimation of, and results 
„ „ in milk, estimation of, and results 

„ sulphur in coal or coke, estimation of, and resi 
Tungsten, estimation in stc^ l 
Tropacolin-D solution, use of 
Truman apparatus, for dissolved gases, and results 
Turmeric-paper, preparation and use of 
Twaddell degrees, conversion to specific gravity 
Twitcbell’s resin acids in soap 
T'ype- metal, analysis of, and results , • 
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IJLT^GREN’S method for carbon in iron, and results 
Unsaponifiable matter in fats and oils 
Uranium method of estimating phosphate 
Urea, combustion of . 

, gasometric estimation of 
Useful memoranda 
U-tube, filling of ... 

„ stoppered * , . 
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yACUO, drying in .... 
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Victor Meyer’s yapour density method . 
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Vinegar, estimation of acid in 
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„ organic substance, combustion of 
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„ sulphur in coke, estimation of . 
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M •• It hydrogen 
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Volumetric analysis, advantages of, and example 
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„ estimation of gases 
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^ ALLACE burner, description of 
* Washing precipitates, process of . 
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Water, alkalinity by standard acid 
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1, analysis of, 8i,nd results 
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•• „ interpretation of results 
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aspirator, use of . . . 
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„ bath, for evaporation 
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„ copper in .... 
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„ dissolved gases, estimation and results 
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f* • II oxygen, estimation and results . 
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„ estimation of . . . . 
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„ preliminary examination of 



. 292 
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Werner-Schmidt’s method for milk fat . 
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Working, rules for ... . 
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7INC- BLENDE, analysis of, and results 
Zinc, gravimetric estimation of, as oxide . 
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